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BINAP
Boc
Bn
DMF
DMSO
MS
NMR
Ph
TBS
Tf
TFA
THF
TMS

I 7

AW, WUF o R S £ ORI,

2,2’-bis(diphenylphosphino)-1,1’-binaphthyl
t-butoxycarbonyl

benzyl
N,N-dimethylformamide
dimethylsulfoxide
molecular sieves

nuclear magnetic resonance
phenyl

t-butyldimethylsilyl
trifluoromethanesulfonyl
trifluoroacetic acid
tetrahydrofuran

trimethylsilyl
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o = o & WFZE H Y

Fx0AEEE X 25FHHEL, EELEIT, EFITAEFFTLERESDZERZ
W, KRz, EEHOHAICEAEFLDONEREEOE NI B AHIENSEE
AT ZERNDHDHTED, ZTNLEVNKEBRWICEY ST LD, X0 HERHRK
OB BER KD LN T WS, Y2001 410 ) —_AL¥HE %% H L7 Knowles 2,
Noyori ®, Sharpless S ic kv #E S =& BRE L H W72 R HF KIS il & o
CRAFECIARBROCKIEDPET T 28D RRIEONRNEXHNTH D, il 21X
Noyori H (X Ru<X" Rh ® BINAP A L KFZHWTH A L7 4 D RFK
FKIEZHELTBY, &5 Z20OKI%E MW T(-)-menthol @ T2 M 722 & ki
Ha L Cuwvw b (Scheme 1.1),

)\/\/U\/ Li, (C2Hs)2NH )\/\/kH;;HS N ¥ Iy N
X L (CaHa, PP RSP I~ XL H;0
EEE—— N(CzH5)y ———————— N(C2Hs)

2 —
myrcene diethylgeranylamine (R)-citronellal enamine

96-99% ee
)\/\/l\/ ZnBrz Hy, Ni cat d ] i PPh,
e — .
OH

; L <o
(R)-citronellal N N

isoplegol (-)-menthol (S)-BINAP
Scheme 1.1
Sharpless A% = R ¥ b K i TUiE, Ti(O'Pr), & RHEBRA F& LTl AMBT 2T

NER WD Z LT, BBAEWIZED2T VAT Va—LOMEERB KX U
B SRR S LT b (Scheme 1.2),

0
HOJ)LO,M
i
.. _OP
HO ,n,o '
o}
oH (6 Mol%)  Ti(O'Pr), (5 mol%) oH
\) + BUOOH - \/_\)
R 4AMS o
CH,Cly, -20°C 90%, 90% ee
Scheme 1.2
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b, LrL, @aRREIFLTcrMArbons, zoHHtm cbMELELH
LTWwd, T, EREOEIEELPMEKBAK CRBIN-22H Y, HHEA K
FONHTHLRECELWESY, 2F0V 7V -7 I 2N —REEHLINL T
5, 7V = IAFY) LT 1990 FERPWECREREBEINBDZHMETHY, P.T.
Anastas & J. C. Warner bl X2 o &2 BEKWic 7 ) - I 2 M) —0 12 » &
CLTCEEHTWDS (Table 1.1), ¥

Table 1.1
TY—v I AT —D 12 » 5

BT L T ABET 20 TIERL, HERW (TP,

BRE, B 72 2 RSB IR Y AT X 5 ITERENT D R 205) .
NEEBREIZE DD IR « ERRIZT 5 (K3,

WRENF L2 D, DR NS WIEEED (KFEM) .
WEMEIT 2 2 _<PH L, L THEER D&M S (R, KEMH,
CBRELRBE~ODAMAEE R, TRV X—HEITRDRICTL EzRLE—),
JECBHIAE B EE IR TR S A TTRE R EIR A4 O (A TREE IR .

- PREEEOE 2 &, T OEMISOS T ATRER IR Y T D (RF2h5),

. TE DR MBS 2 B AE3 (RBEE)

CFERRICRE D TREET, BELWHEICOMT L LD R 2 RENT D (RO
T AR EEAL, AEWEOLEREZMEIT D GHUEIN)

ABFFEHUT SRR IS WIE 2 E D (B550)

© 00 N O O1 W W DN

— =
N = O

TOEIRBERIZBNT, KREIIWXALET, BB HL THEM, EENH
LHlWwoltlohMEAEZRE D GEEREICRDLY, AH S FMERNTFEER % £
b TCWb, Ay 1 (organocatalyst) & (X, 2000 4 (Z David MacMillan {12 X Y
mMEINTEEET, KHF, RE, BF, BE, B2 EOoxENLMHER I N, fif
HMEHZR QKOS FARILAEHO Z L 2R3, Ao MM A 5 ak s s b iR
N, Bl rFARROLKIEO X D@ EICKIGZHE T 5 R F 2 fET
TEMZ W, A FMIEO KRB ELTROLS R ERETLBND
(Table 1.2), ®

Table 1.2

KPR L TCRETH B,
%%@@E%ﬁ EARTHEBMZMTH Y, BEEDOFEIR,
il DEI, FRIHNAETH D,
ZNEN OB SE D R 2 £ FTIT2 5 2 &b,
— DD RUGEZRN TR L 72 SUSBT X 5,
5. LT AZNLOREME L THIFSN, LT AZLORE,

Al O i & R 3 2 7o O O LTS HA & L CRIHTE %,

6. AT TABEZBHS S5 2 L TRBEABOMH Z RS 52 N TE 50T,
EHSED L) IR LW EEEN RO DN - ~DOERBOIRAZISZENTE D,
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ORI EILOAHK S T, SREMESHEBELTIVREEANO DR
WRIGAI Th D LB TWD, A FMELsHERERIEOH & LT,
1970 4 {812 Hajos & Wiechert 5%, Al 7 I VB CTh D L-7 1 U > fih 1Y
STHNAFET LR AVRIGE2H#ITSE 5 2 L% 8%E L7 (Scheme1.3), 7 = oK
J& 1%, Hajos-Parish it & L TH L L TW 5D,

D—COZH
(0] 0] (0]

% N (3 mol%)
y
DMF, 20 °C, 20 h ; t §
0 ° OH
99%, 93% ee

Scheme 1.3

& 52, 2000 4E (T List, Barbas, Lerner® 5%, L-7 v UV a2 H ks b &7
LT PNy FMEHEBARE T L F—ALKE (Scheme 1.4)% , MacMillan ¥ & 1%,
AIFTV Y U E R WY=L e, -0 b DR Diels-Alder X &
(Scheme 15)%#HE Lz, 2N D OWETIX, MISEENAE D B OE K
TIvHp oI v ELRAI=SULAALAT UV ERKT S ETHEEILESN,
KEROICKIENETTD2LEEZLLN TV D,

D‘COzH

/41

N
H
0 ] 0 O OH
- A el O 4
H™ R DMSO, rt R
up to 97% yield
up to 96% ee
Scheme 1.4
O 7/
N
Ph N)<
H
* HCI

© 0 (5 mol%)
M~ > 7
MeOH-H,0
CHO
82%
endo/exo =94 : 6
94% ee

Scheme 1.5



L-7u U ic X2 FHEENARFT T VR —IVKIGIZEB T D KIG K & O

BEBREZIXROLIICELZSLNT WS (Scheme 1.6), "M 9, L-F vy~
DANKFIYNVEOKRKBRFICIOVEELEIAZTE N D L-F 2 ) VO FH
NIV TRBEW B S, MR (PR AR AR T S, I (R A)
EWKkMEAEL, A =024 Fy (PHKBETEKRT D, RIT, 1 I =0 L5AF
YRS (PR COCEMEIET D, Tr Y OB AR IVEDOKEIR TN
TNATE ROBERTICKERAEEZMGELT, IAVR=VRFEFLZEMELST D L L
HIZ, TATE RBRZF IV ICHEET LI FAMEEZRET DS, = F I VI TALT
FOANKR=VRFBIZREAMAML, THEAEDNEKRT D, FHMAE DITINAKDMHS
NWHEWMZE S 2, 7o) ryB’EEsd s, DEo ks, 7ol ryr@EZ7nv =R
F—=ThbDHT N EEMILTEITIVCEHAME, TAR—AVLT 7T X —ThHdD
TIATE REKEBECLVEMELTI2IARF T VEER o FNICHFEF-
TWo, ZTOXSCRA—3FATERZRLIBEEZ2TI2EREL ZSROAK S T il
BT —EREMEAK S TR TTN D,

[ 4
\\\\ %\O‘\
Q H

%:
A A :

C
RCHO1L
— 1%

N ifﬂi E}4\
o‘)v* R%B\ o /MM

L+H20

O OH m
)j\/'\R * OH

Scheme 1.6
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HISExF I v altlczG80 2 EwRELTHEREZED D L O o T,
W 2o 13 7e ) 0oV AFT L EEKEFAMLESED XD 8V E GE
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Figure 1.1

HN-— S
1

0]

Iokol, Ay TMBETIEREANONIVWKIEREL L TEZLL 0 HEA
LTWD R, KIGHICEEERIND ZENZ W, H#ED B ICIEZER O KIS
EARETERINDIObONPZWI LEEET L, BREEALLRFEEL b G
BT Ay AR L, BRAAT2ZEREELWV, A 7 il % B I
T 2700k EELTEY v — ", oy b ks R 8y —1h, 14~
AR W~ OHEFE R ERIT bR TV AN, A R e L 8 A X il B o R
PEREKTL, BEEENKTTI22ER8Z 0, 20X 2ERMNL, %\ L
THHERELTIAFTIALZIAMNY) —=RERBEAR TS, 7045 2L
“Blonngdguah—RrHED” tnwHOBEKTHLY, S—TArFa T XL EEET
ZIEME TN AT AILEMENFS, TYyRBFEOHEWVWI AL T ZAEWIT AR
AEWERICTERET, 7AAF T 2MaMRAETIRLEVAE LI FHEBERSZ
ENDL, ZOXORBEHMENMMBALC, TALE T A{LAEMERIRMICTHEE, DV
FEINT 2 FEIRABEINL TV D,

1994 4|2 Horvath 5 X Fluorous Biphase System (FBS)%# | HH L C 7 Vv 4 7 Ak
EAGE LEMEORNEMNHZEMRL TS, oo ®ETIIAKER L LT
Ml &, FAFTRAEBEHR L LT LT L F a7~ Hh o2l nTW5,
CHHLEFREETEIRLUVADLDT ZEAEZERL, 74372 HMET TNV T RE
BEAC,IE T A T AL A WA BT B Ate , AL 7 0 4 T R BT
MBI LTy —BERy, KIEDNETT L, KoK TH, RIGKZEIRE THH
TOHEHOEERY, AEBEIOEFIAEDAGOND, TAFT T AN LIET
NA T2 EBREIIR SN, 2 BFAHET 52 EBAHETH D (Figure 1.2),



Figure 1.2

P(CH;CH,CqF 13)3
Rh(CO),(acac)
OHC
%CsH 17 —_— \/\CgH 17
CO/H, .
main product
tquene-CF3CGF11 ( P )
¢03H17 COM; COM, COM, OHC\/\CgHW
: heat cool ,’
toluene layer | ————Jm ——3p-| toluene layer
. » 4 fluorous layer fluorous layer ~ . Catalyst
atalyst

\ recycle /

TNFTZAEMEFT, HFHRIC Ty RRFELRLSE L 39M@MUE (7 vy ESE
BEPEONA A DL2BbDEVWIEXEDLDODI)ATHAE—T LA T A5 F L& 211
UFTOIT7A MTITNFTASFICpEEND, ~E—TF T R0 FI3AKEERL
TNFTABEE W -k iCc k208, KEXATRERTHD, —HT, 74
NINANFTAFIRTNANET T AERIV b AREBERICER T Z2BEmICH, 7 b
FTAEEEERVBEEONS T LERBEORIGEETHWLI Z RN AETH D, T
A MR TINFETAIEWIT, 7oERTOEAERBRVTED T VAT RAEFEE LA
B e oR-MmbETE, a0 gibbawr oI5 i3 TE RV, 2
DG, YIS NANREOY T ) —NEE =T A T XY L THE
L7 nvAZ AU B 0% Huv 7z @88 % (Fluorous Solid Phase Extraction,
FSPE)IC X VW I A4 Mo A T AWM ENBET D22 ERARTHLDL, Z0OFHE
T, oA ILEME TN ETALLEMOREME T VA T AV IV E
WS ZE, £$7 70-80%A ¥ ) — AV AKBEKREZEBRIED LT, 74T X
EErFlLL2nw—BOAEILEWEREHI®E L, RIZ, A% —VEBKT HZ &
T, 7NVA T AEEYHREREH L, 7LvA 7 AEWO N, BENBEICITZ D,

Dbz e, ZF T 2AEZ2AKrFMEBECEATLSZ LT, 70FT R
btEMORBEE» L, A FMEORIRAAETH D, BIILLZAHESF
filt i 2 HA AT T, BEDE TEHRTHEHLAAVERTEARARISS EH TE
Do TNATAMEMNG LA FAEBEZREL, B, FAHT LT
VU=V I AN —OWBEICHBTmFIETHDESZ D,

K7 I 7 W Td 5 L-phenylalanine,*” L-valine, '® L-tyrosine % 72 & 5 i X
NI ANVER Ly 7 I RHAEBKS FMETZORFERKIGICHWS L TW S, Miura
5 1% L-phenylalanine 2" 6 FE Lo Ao Fili2zHW<, FHEET VT B FE& T

771

vz



FNCEHEDARET VR = VRGN @EINE, S EREROICEIT T2 2®REL
TW5 (Scheme 1.7), '™ Z ORKIETIERISEB E LT, AEEEON DV ICH
MK (brine)Z WD Z &N TE 28, BfiZs RKT I 7 Bl ko fGHE Sy 1 il
HZHWTWLI s, BEFANEOSGVWKIETH D L F X D,

Ph
HN  NHTf TFA O OH

(10 mol%) (5 mol%)
@ S
brine, 0 °C, 48 h >
NO,

92%, 90% ee
anti: syn=82:18

Scheme 1.7

EHIC, Miura BIX 7404 T 27 I AU —&2FMA LA KSS ik o[ I E
FMAIZHMII LT WD, 719207 ) 45 2 g1 %43 A L7 L-phenylalanine H 3k @
AR 7B, RIGHICTZ AV A T AU B F & B B E IS XD EIR
EhTwad, 72, BIWRHFEMHZERTHIE, VEREBREZRKESSEHRY 2 &
19a)

X 72 H» > 7= (Scheme 1.8),

Ph
HoN NHSO,CgF 7 TFA O OH

o) (0]
(10 mol%) (5 mol%)
+ H e <
brine, rt, 6.5 h >
NO, NO

87%, 91% ee
anti: syn=83:17

2

Scheme 1.8

HHIT KR T I W TH D L-phenylalanine X L-valine # R ¥R & L 7= A 845 7
OB @A KEZBENE LT, AHEMECLI2RIBODLRVE = LR L
Kb oafimlE 7 v e NEDORFILERIGIT K DA MK KSE LIS~ O E

MuEITS> 2 & & Lk,



- ANKRyT I REEK S Mtz AW =1r X LE v
E a7 VT v KO ARF KA IS

RE-RBZFBEAEOVLERKBROZDELEZIRADSAEHEEDEELAEKT S H 2T
HETOhHD, F-HBAFTLEMETLI2HGICE, ZhETTHREINEHE AR
REMBE, RIE, MEIH LN, GV ERBRETCHMMEE S Z LN TE
L, L2L, HEHEBAFRL, BT R ToOBENRE-REMBMA THESINLEZR
BEHRLDOMBETZZONAKBEFEDO DI —HICKHET, WE KIS EH2LE LT
LA MNMENT END, RBMARKISEMET TORRE B A & kR R EEE
o OBOE N K OB R T W B Y H Ky s R Wk
1,1-bis(phenylsulfonyl)ethylene (1)~ ® R & L& MK IS 22 T+ TiIcwnw < 200
WA Bl 2N H D A, 2-phenylpropionaldehyde (2a)?D X 972 a iy k7 /5 b K& D
RO &0, RAMMKELZMELZRDEEEBD THav, 222 f z 3
Alexakis & iX, 4-hydroxyproline 7 b #F&E L 72 A # o it 3 2 H v T A F Mk
RFEDOHEEIZOWVWTHRHFLTWDLIN, ol MEo L EKEREITFRECTH
% (Scheme 2.1), 24P

\
hop‘{N]’Ph
N N—"/
N o) ‘P

SO,Ph CHO 3 (5 mol%) CHO SO,Ph
+ > 1oy
SO2Ph Ph CHCls, t, 1.5 h Ph S02Ph
1 2a (2 equiv) 4a

81%, 73% ee

Scheme 2.1

F 72 Lu BiX, L-threonine W HFEHE L7 ANVK YT I NEUF K ik i 2 H
THRHFHEToTWVD, ) HOEOWRETIE, AFALERAPFUED LD
G, "o SR T EOLI R EBEFRINEEET DL HERE RO o L5l
TATE REZEBEELTHWTYS, BENETO2EBEMNKEZH/LZLEDRARTH D
N, WITRbHREONNEKEBRETHY, KISEWE & L T p- fluorotoluene @ X 9
R BRI AE WA A WD L E R B D (Scheme 2.2),



OTBS

NHTF
NH,
SO,Ph CHO 5 (5 mol%) CHO SO,Ph
+ > Phiy
SO,Ph Ph p-flucrotoluene, rt, 12 h SO2Ph
1 2a (2 equiv) 4a
93%, 83% ee
Scheme 2.2

F72 Maruoka H1E7 U F T UNBFEELEEANLK T I R A S FRE 6
FRHWTEBD, mWIRE, SHREBERETHWE T2 HEMNEESEL Z LTk
LTwa, 2 Lal, Ay FME6OGRIKICEEIHELEL T2 LR,
By FMEEEZA R L T, KEBEFHETTCRIEEZTOLERD D,
RIGHRHEAEWR EOo®HEANZET 55 (Scheme 2.3),

HO NHTf
HoN H

ENE

6 (10 mol%)

SO,Ph CHO 2,6-dihydroxybenzoic acid (10 mol%) CHO SO,Ph
+ > phiy,
SO2Ph Ph toluene, -20 °C , 24 h SOPh
1 2a (2 equiv) 4a

96%, 93% ee

Scheme 2.3



B AR T I RALA A O & R

Miura & (X, Zffi7e K7 2 /7 TH 5 L-phenylalanine X L-valine & R & Ji &
LTHWEAH S FiilZ2BBL, ZA6ZHVWEAREFRIGICOWTEBEICHE L
TW5 (Scheme 1.7, 1.8), A4, =LA LKL a7 V5T B KD ARF
TR MEISICBTDRART I VBEHREROGHEMBEOIFERM, BX O 704 T R
fteamowtzRMMA L-AEMEORINEMA 24T 5> 2 2B E LT, AR
TR FRIAHAEE 9k XN 11 O & Rk & R 7 72 (Scheme 2.4) A7 BE il 4 9, 1113,
St o th K 7 18y 5 Z h Z h perfluorobutanesulfonyl 3, perfluorooctanesulfonyl
Rx 107 I EICEAL, <HEBOLBEIZLZ Boc KXo R#EIZL - T, B
RN ETHERT H I ENTE T,

C4FgSO,F, EtsN HCI
—»
BocHN  NH,CH2Cl, 1,46 h  BocHN  NHSO,C,Fy  EtOAC 1, 25h N NHSO,C4Fg
7 79% 8 90% 9
CgF17SO,F, Et;N
81792 3 > HCI
CHyCly, rt, 92 h BocHN NHSO,CgF4; EtOAc, rt,2h H,N NHSO,CgF 7
46% 10 91% 1
Scheme 2.4

B RS RO RGELS &G AL 0 it

5 72 A %R 2 v T toluene 3R B, trifluoroacetic acid (TFA)fF /£ T, =
i T 1,1-bis(phenylsulfonyl)ethylene (1) & 2-phenylpropionaldehyde (2a) & @ R #& 3t
BT MBS > W T 24T o 7= (Table 2.1), £ 7, L-phenylalanine H ¥ © A
fit fEIC BN T 2L DT I I TEREZHE AL ZAMAME 12 7790 L k3 IR 1%
FEE SN o (entry D)o I, D7 2 7 IS TERE A28 AL 7= A K 13
EA WL A, mOALKER M TN 4a BNE SN (entry 2), E 72,
L-valine ® 107 3 7 HiC TFHA 2B AL ABME 16 2Rzt sr, A
MEALEE 13 K0 b @ WS (R EIRME THNIE 4a #457- (entry5), £ 2 T, KXIHIZ
%, L-valine B 42 H 7 5 AMAENE L TW\W5dEH x, L-valine 5 E KD 1L D

T X E ARG MOV perfluorobutanesulfonyl 3 %2 8 A L 7= A B filt 4 9
AR WL Z A, RLRAZRNE, SCEBRETCHNE T2 EEMME 420 %15
HZ &N TE = (entry 6), £ 7=, perfluorooctanesulfonyl J& & 3 A U 7= A £ i £ 11

10



ZHWESARCLIZHWESEA LTI ER%EORELE -, A~EME 11127 Vv 4
FAbEMOMEEEZFNAHALEZRIRBANHAIPHFECE 720, A&MEB 11 2 H iz

B g o B AL,

B0 A A 20T H M

MEFS L L LR,

Table 2.1
SO,Ph CHO catalyst TFA
/\2 R )\ (0.1 equiv) (0.1 equiv) GHO SO2Ph
SOPh * Ph > Phy SO,Ph
1 2a (2 equiv) toluene, rt 4a
entry catalyst time (h) yield (%) ee (%)
1 12 1 95 -2
2 13 1.5 99 80
3 14 2 88 86
4 15 2 97 79
5 16 2 95 88
6 9 2 100 91
7 1 2 99 89
( 2\
Ph
R'HN NHR? HoN NHR3
.pl= 2 _
12:R1:Tf,R2_-H 16: R® = Tf
13:R'=H,R?=Tf e
i > 9: R% = SO,C4Fq
14: R'=H, R? = SO,C4F 7 1 R® = SO.O.F
15: R = H, R? = 80,C¢F5 ' Zmen
\ J
WIT, A 9 2 H W TSN KE{LZIT > 7= (Table 2.2), £ 7 TFA
EMZ 72 WS TR E, AR EREELICEKTLRE (entry2), £ 2 T, A Hfit
B9, TFAZZN N 0.1 YEFAET, ERTHE~OBEEZH Y THEFTLE L Z

% (entries 3-12), m-xylene % H \»

TOHEBMNIMGE daxFGDH BN TE

& TH L R RIUE,
(entry 11),

11

MARERETHB L



Table 2.2

SO,Ph CHO  HoN NHSO0,C4Fg TFA

. 9 (0.1 equiv) (0.1 equiv) CHO SO,Ph

SO,Ph Ph »  Phi S0,
1 2a (2 equiv) solvent, rt 4a
entry solvent time (h) yield (%) ee (%)

1 toluene 2 100 91

2@ toluene 24 75 86

3 CH,Cl, 2.5 97 91

4 MeOH 24 33 32

5 Et,0 5 87 89

6 EtOAc 2.5 98 86

7 MeCN 4 87 77

8 CHCl3 2 99 91

9 CICH,CH,CI 2 98 92
10 o-xylene 2 97 89
" m-xylene 2 95 93
12 p-xylene 2 94 92

a8 TFA was not added.

S HCoYE, mE, oY E, SEEZIZOW THRE L (Table 2.3),
£, TFAORMEBEIZCOWVWTHFLELEZA, 01 HEEAWVWELGICTH D B 4F 72
SRERME A G (entryl), £, BMOBEICOWTHALEZLE A, EF1XK
LR T TFAR R DB Y e TH D2 &R0 o 7= (entry 1), K IZ fi it o 4
B, KINREIZOWTHRFT LEZEZ A, it &% 0.05 4 &, 001l YEITH &L T
L, MIGHHEOLEEEZLEL LER, FERSONE, CEKRRBRETCHEOY 25
5 Z LT X7z (entries7,8), ¥, KIhiEZ 0°C, -10°C & L&A, i
BREND T I ELEDN, KISKHBOEERE 2 0% E L7 (entries 9, 10), 2Lk
DOFFER I OGKRH, IR, SERBREZRGHICEEL T, EREMHET,
m-xylene 1 Cli il 9, TFAZ Z N TN 0L Y EA VWL 52 RE KL L (entry
1).

12



Table 2.3

SO;ZhPh . Phjio HoN N9H302C4Fg additive _ PhI“CHO S0,Ph
2 SO,Ph
1 2a (2 equiv) m-xylene, rt 4a
entry  catalyst 9 (equiv) additive (equiv) time (h) yield (%) ee (%)
1 0.1 TFA (0.1) 2 94 92
2 0.1 TFA (0.2) 2 97 91
3 0.1 TFA (0.05) 2 98 91
4 0.1 PhCO2H (0.1) 5.5 46 80
5 0.1 4-NO,CgH4COLH (0.1) 24 85 82
6 0.1 TfOH (0.1) 24 24 83
7 0.05 TFA (0.05) 3 99 90
8 0.01 TFA (0.01) 20 96 89
9@ 0.1 TFA (0.1) 21 99 95
10° 0.1 TFA (0.1) 72 94 95

@ Reaction temperature was 0 °C. b Reaction temperature was -10 °C.

bt ResEIc, KGO EE —H&ILIZHoO>W THBEH 217> 7= (Table
2.4), £ 7, 2-phenylpropionaldehyde ® FH/FRICR FE, 7 vHZD XL > na b v,
HLOWIEATFNLE, ANV EOIOSREFREEELIATOIEBEZHVWESL AT
W, Wb BRI R, STARGEIR M TR T B &R (4b-g) % 15 7= (entries
zmikq+7&vy%%%ﬁﬁé7w?tP(%ﬁ%mwk%éf%%ﬂﬁ,
SR EWRMWICH MY A S S Z LN T & = (entries 8, 9)., F 7=,
2-methoxy-2-phenylacetaldehyde (2j))Z £E & L CTHWEHEGIZIX, mETITH
ST, SMARERMENIMK T L7 (entry 10), N-Boc a-aminophenylacetaldehyde (2k)
EIREELTHWES A, W=HE, SCEERMELE HICETLE (entry 11),
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Table 2.4

SO,Ph HoN  NHSO,C4Fg TFA
+ aldehyde 9 (0.1 equiv) (0.1 equiv) product
SO,Ph >
. m-xylene, rt
1 2a-k (2 equiv) 4a-k
entry aldehyde product time (h) yield (%) ee (%)
CHO
@)\ CHO SO,Ph
R! Iy\/k
. @ SOzPh
1 R'= -H (2a) R'= -H (4a) 2 94 92
2 -Br (2b) -Br (4b) 3 97 89
3 -F (2¢) -F (4c) 2 95 91
4 -Me (2d) -Me (4d) 2 99 92
CHO
CHO SO,Ph
5 MeO 2 4 99 92
SOzPh
2e
OMe CHO
HO SOzPh
6 SOzPh 10 98 83
2f

CHO
CHO SO,Ph

--- 4 99 91
SOzPh

CHO
CHO SO,Ph
M 3 99 92

N
«Q

g;

SO,Ph
4h

CHO SOzPh

SOzPh 4 97 92

CHO SO,Ph
10 e Meor N 77 88 68
Ph”” ~OMe Ph S0P
2j 4
CHO CHO SO,Ph
1 Ph” “NHBoc BochNNY soph  © 68 00
2K aK

14



B T A T AR AR T IR R Bk oo [\ ICEE RS B D B R

Wiz, 7t 2fbamofsttz A LEMEORINERHZBEHME LT, A
B 1Ml NTE= VALK L a7 VT B FEORFLEMIKIEIZ
OWTHH L, T AKME o ToRBRMAEELEID, ARME 11 2 HVWZKX
s S O AL 24T o 72 (Table 2.5), £ ¥, TFA Z IR L 78 W & Tik, IR IT
KT L7 (entry 2), WICHE 2« OBEBKZHWTKISEZIT > & 5,
1,2-dichloroethane z fl W72 35 & (2 b R AF 2 SRR ME T H W & 9 25 35 A4k
4a " 13 6 L7z (entry 9),

Table 2.5
TFA
/Sf:;hph + )Cio H2N11 (0'.\l1|-|esqol,|?\§:)8F17 (0.1 equiv) - Ph“_CHO SO2Ph
2 Ph SO,Ph
1 2a (2 equiv) solvent, 4a
entry solvent time (h) yield (%) ee (%)
1 toluene 2 99 89
22 toluene 24 85 89
3 CH,Cl, 2 90 91
4 hexane 2 91 86
5 Et,0 2 85 89
6 m-xylene 2 84 91
7 brine 24 68 78
8 CHCl3 2 100 91
9 CICH,CH,CI 2 87 92

2 TFA was not added.

RGO PEEEIC, REHEMBHMEO —&ILE2 1T > 7= (Table 2.6), A H filt 44t
9 z WA LRKRICEN TN R RILE, SARERME TS T 5 3% AR
R AHZ LN TE, LL, 2-phenylpropionaldehyde @ % & B ® m-f\L {2 A ¥
VAR S IEE (2¢)%°, 2-(1-Naphthyl)propionaldehyde (2i) T, UL K & 72 -
7= (entries 5, 9),

15



Table 2.6

SO,Ph HN  NHSO,CgF+7 TFA
+ aldehyde 11 (0.1 equiv) (0.1 equiv)
SO,Ph >
. C|CH20HQC|, rt
1 2a-k (2 equiv)
entry aldehyde product time (h) yield (%) e (%)
CHO
@)\ CHO SO,Ph
R1 M
. @ SO,Ph
1 R'= -H (2a) R'= -H (4a) 2 87 92
2 -Br (2b) -Br (4b) 4 90 90
3 F  (2c) -F  (4c) 6 100 92
4 -Me (2d) -Me (4d) 2 92 82
CHO
CHO SO,Ph
5 MeO @... 2 3 13 80
SOzPh
2e
OMe CHO
@ HO SO,Ph
1y
6 ) SOzPh 5 100 83
2f
CHO
Br. CHO SOzPh
7 4 81 94
SOZPh
2g
CHO
~ CHO SO,Ph
8 " 3 76 92
OO MSOZPh
2h 4h
CHO CHO SOzPh
9 l sozph 24 45 89
2i
cHo CHO SO,Ph
10 MeO! 24 64 68
SO,Ph
Ph)\OMe Ph 2
2j 4j
CHO CHO SO,Ph
BocHN!,
" Ph” “NHBoc R SO,Ph 6 100 64
2k 4k

16



BT, A 11 oRINEFERBICOWTHHEIT> =, &E S TICTRIE
EATo%, KISEADE 7NVF T A A Vv ERWEZEMEMEBEICLY, —
BoAEEILEmE TN T AL LG ABME 11 LICoBERR L, ABAME 11
RN LERIGRAEWIZT 7 9 v ahTdbrsua~ s T 7 =2k kERLE,
B L7 AR 11 248 IR T 52 LR RORISICAHNEEZ A, ~EHO®
BAMACEMEEEZHR RS 2R ISEAEIT LN, ZEROFHN M TIE A
WEME2PNBHEZICER T LAELZS, BIIHEMNHIE 1 Ho R THh D E L
(Table 2.7), M #% o A 11 Z# 'HNMRBIE L7 & 2 A, MR A7 b L
EaR Lzl b, BB ICHMBTEMENKR T LB E & LT, 7868 11 250 %
LTWwaa@ErnEabhd, £, KISHOE RS 2T A, ADX
IRBEOSFRE BT DOV —INRNBONLL, 2O Db AMME 11 07 3
»ER 4y 2 1,1-bis(phenylsulfonyl)ethylene (1) [ £ 40 U, A 4 fil 8 28 R 3& Mk L
TR REREZE XN D,

Table 2.7
H,N  NHSO,CgF47 TFA
SO,Ph CHO 11 (0.1 equiv) (0.1 equiv) CHO SO,Ph
SO,Ph Ph CICH,CH,CI, rt SO,Ph
1 2a (2 equiv) 4a
entry time (h) yield (%) ee (%)
Initial 2 83 92
1st reuse 4 90 89
2nd reuse 24 23 77

NH NHSO,R
PhOZS’(

SO,Ph
A

FHIUE ZEBREIZOWTOHZ L

BonmHBENME da0 KB E LY, EF5TAKME I VT 11T KD
E=LANLARYy 1ETATER 2008 FHBAMAMEIGSOKIS#EE, EBIRE L

17



WO XHIICHEEL TWDH (Figure2.1), £, AHEAMLE 9H 5 WX 11T ALK
TIREOBETo b T I UMM OKERBGICLI Y HBEREZERL TS L
Ezbh, YHEBICESWA Y Tob kLt R—T Lt oA LR = ki s T
FUTZAMICEREISNLD, & %7 I UE2ITHRMLEZ TFAIC KV RESN, 7
NT e RELSIVEERT D, A LA I T, FEROKXBLZEADRIC K
WEKODZFI v~ BMTI AL T I vromEIcLy, BBREA,
B2AZx6NnL60n, ADREBTCITSFI VML IR ENAELDHTDHIC B
WHERTARARZRETHHIEEZOND, LERSTIVEZEREBLREB Z2KHL
TKRIEPEITL, =2 FI " bE= AL AALKRLIZ Re @bV EI D, I
ok da BAEKT D EEZLDLN D,

141

171

/

Figure 2.1
- 1F r %
= N
T AR
d N\ JL o S0
§|!|SOZR PhO,S s—o
Ph
L . L Re face attack_
A B
CHO SO,Ph CHO SO,Ph
[II]) Phmn
ph/J\/ksozph SO,Ph

INETICRREZELOIE, EHFEFTRAT7I VB TH D L-valine b FHE LA
BEAEE 9, M ZHWVWTE=ALRLE Y E a7 AT b FEORF-ZMNINK
JBIC LD AR B WUBIRFEDOHERIEICONTHRFZIT o772, ARIGIEREBD L E
SGICER AR ARMEEEZ A VNTEY, RO FIEIY LRI RINE, AR
T, SHICHERBMCCHEME T2 ®REMNNMEERE 2L T&l, £, 704
FAKEFEAL-AEME 11X 10BN T LI EMNTE T,

18



B ol -UT I AFLrvn /=LA ML A2
W= bha 7l VR = v b &Y o R FE LRI KGR

JR# (Urea)d 5 \Wix, F AR #E (Thiourea)il — > D AKZMAEE N L TREFH
RIS EEEALT 2 2B mMb R TS, 2% 2003 4, Takemoto H 1L Z D KL H
BRFARFOMBEEFNHT LT, KERKEGH-EREZATL2F ATV LT B L
BERT I UMM ER S TN R HREEAE Y TMEEEZBEREL, = b
BF L7 4t Fr— FDORF~YAZAMKIEICHEM L7 (Scheme 3.1), 27
7w J X L-phenylalanine ® 2 L7k > 7 I RAUfG G L X B e 0 F A4 T L7 B ik 45
DHBEICITEREICKRKE-GE2METETLIBETr PR ZOfFEEL, EEHEOEME
b, MM ZRBEENLVBEICRD Z & T, KIGOWFE, SLEBRRMEO M LB H
FET&E D,

CF3

JSL
F3C” :i: N7 ONY
H H

(10 mol%) NS EtO,C_CO,Et

- T
toluene, rt, 24 h Ph 2

86%, 93% ee

Ph/\/N02 + EtOQCvCOQEt

Scheme 3.1

Takemoto HIZ K2 F A Vv L7 M _HRRMEAHK > FMEOREUR, 4TV LT
FHRERKF/KEAMEE2=y PELTHVWEAKY MR ZIHEFTINLTN D,
28) fi| 2 1¥, Tsogoeva & Wei b i3 F A T L7 HKE, FT 40T I VEAMELT
(1S,2S)-diphenylethylene-1,2-diamine 2 Jl W72 % — %% 7 X v & H T % A % 5 + fih I8
ERELEZ, ® HOBZoFBy TREZAVC, TEFyRV I RAF Y
ViR EOREMES Nt = a AL T 4 DR F AT AN IE B HE LT
W% (Scheme 3.2),

0o (15 mol%)

H50 (2 equiv)
AcOH (15 mol%) . .
toluene, rt 98%, 91% ee

Scheme 3.2
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F 722006 4F, Tang bix 7 v Vv 2 X7 AR T7 IV E L THWEY LT &
HZWETFA VLT ROy TMEZBREL, YJu~FdFH oo b=barT AT
YoM IICE A L TWwW5 (Scheme 3.3), %

CF3
S

NJLN’ i “CF5
0 H H O Ph
NH -
o (20 mol%) = _NO,
o N2 n-Butyric acid (10 mol%) - H

neat, 0 °C, 98 h
93%

syn:anti=96:4
90% ee

Scheme 3.3
S 5T 2008 4, Rawal L iZ K FER A EHME L TTFA v LTI X7 T
FzMwik “EREaMy Fmiz2®%&E L TWwad (Scheme3.4), %) =227 7 5

7 2

S FEREBAETOIAE S FMBEIZTF I TOLTOE O LD G A S F il g o Eg
Ta hroBEEIRLETLI L, BETe b COBOBEBENRESRSZ EITEY,
BhsrfitEEs m L EZLNLS, 3P

F3C

CFs | 0O O

7
O O (0.5 mol%) N
N0,
P I CH,Ch8h o
2
Ph

94%, >99% ee

Scheme 3.4

ok, KFEWHAEMHGa=v 2R R2FRACESHEZL LT, AK
G FMBEOEEN RS SLLT D, AR FMBEOKE/HARERICEZELZ S X
LZENELT, Yo bhromtEE, o7 b rHoOBEESETLNLD, KFHE
Matkia=y FOoBEELZ LT 252 L TRISEBIZCIVBODICEML, KIS
HoiEtie, SSERRBEENR< 20, R, SSEEREO R EPXBGFTE S,
RISEBEOBEMEICKRbEAET2AKA M- GT2=y P2EIRS L2 L01%, AK
SFMEEMVCEAFRISICE > THETHDL EEADNLD, L2rL, ~FAK

20



e LT ASATWD Z o0 KFEFAELEMEG TELIKRER-EGMHEG 2=y
FORBIZRONATEY, ZHERAKEFHEGERE2 =y PORENLZEL TV D,

COXIBERICBWVWT, 203FCEFFTLXFAMEEDO AL LTTFAT LT
RRAIZTITIFEKRILVLRKEFABEROL VBN AKEHEGHERGF2=v N BH
¥ EHBELTY T AF L ry~unm /=Y (diaminomethylene-
malononitrile, DMM) B #& 2 49 5 A5 TBEORBICEH G L., 2D I 0427
IVEfMLE LT Y et o0 T I EBALLAHE S FMESEHAVWT, B2
WANK L a3 T VT v K& D~ A 7 ARS8 @I, &R R IR
THELITT B T L A4 L= (Scheme 3.5), 2% %%

: ; . IN\E J
10mo|%

SO,Ph
SO,Ph CHO CFs  TFA (10 mol%) Ar, R 172

+ PY > OHC SO,Ph
SO,Ph Ar R CH,Cly, rt up to 91% ee

Scheme 3.5
FLFRAEFICLIY Zo0F v P CHOBEBERTFAV LT AT T T IR,

DMM TIHELRDZIEN G TED, ZOXIREVHAMEOCEEICEELY L
ZTW5b EFEZBND (Figure 3.1),

NCICN O)\;fo
SNTONT SN NS

N

Ili 1

> <> >
213 A 217 A 272 A

Figure 3.1

DMM B+ AT 5AMK ) OB IZTYN, H KT E2HT 2 0H#
SFMEICREIATNE, BIRRLE /T IV EEAETLIFIN=y FD
WA, BIXOZzomoEok#Elick-> T, X0 &EWIEMEEZ R T A KDY T il 5
ODHRERXLZHEREAEKIE~OEHANMFECTCEX L, T2 T, £H5IX DMM B % H
TOAEMy TRBEOEHAILKE, HIHAZEKAEF2=y FOBEEZARME L,
EFTFHE _FT7Ie LT T el rFEAE AT S5 DMM A A OB & £ O A
FIIE~OIEHICEF L,

(v
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MARERRQ R EEAINMKISE IS EEOMA G LTI XV, S8 A kb ik
nELhLZEnOABAERILE L, FRARIED —2TH 5, W #ic, =k
BA V7 4~ P OEBEMMRISEZHERRIEEER S y-=babr v
EABRL, KIGEEORRICLY o0 F R EZ2WMECHETLI L LAETDH
% (Scheme 3.6), °%

asymmetric

o catalyst o R®
+ RS/\/ NO, — g x - NO2
R'" R? R'" R?
y-nitroketone
Scheme 3.6

List b X L-7 vl rvaHWwWrErhrit=truatl 7020 RFEEMNNKE
AWAE L TWA A, KB AN KRR I &Yy (Scheme 3.7), 39

o) H O Ph
0, -
+ Ph/\/NOQ M’ . NO,
rt, DMSO, 16 h >
94%
dr >20:1, ee = 23%
Scheme 3.7
FETHE Wang H i, 7V AF T AAALKR T I R Te o sBHWwWT sy b

vi=bhmrA VLT 4 EORFREMMKENEINE, GLEEBROICETT S
L EWEL TV S (Scheme 3.8), ) Fm, AT AL T AU DL E
AWBEMAMHECIVRNENRT 2 2 EATRETH Y, WK, S7AEERMEN
RKELKETFT 2 EF 2L 6BMOBFEFAEANATETH - 7=,

O\/NHSOzn-Cﬂ:g

N
o) H O Ph
0, -
H,O, rt, 9 h >

95%
dr >27:1, ee = 90%
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cycle time (h) % yield % ee dr

1 6 92 90 34:1

2 9 95 90 33:1

3 10 90 90 33:1

4 14 95 89 36:1

5 24 85 89 22:1

6 50 70 89 11:1
Scheme 3.8

LarL, BEFEOARBEME 2 H W@ EF CIRNE, CERERESKN S O
Bom MA@ sHB2 b8, X0 EEERAEKMBEOBRENLENT
Wb, TZTEFIE, £r U Y -DMM Ao =traot L7 o VR=
NMNEAEMEDAREFE~A T AMNMRIGE~OEHAICO>VWTHRHFTZITI 2 & & LT,

23



B re ) - U T I AFLrvnr = 8 LA O S K

DMM BRIt o a2 @ MEMoOIL K2 B E LT, £FHI1E, 7 I Ui
ELTE /BT IV THD L-7r ) &2 ARFFEE T 25 DMM LA B fil i 22a © &
% % # Z 7= (Scheme 3.9) ., * ¥, X W ¥ &M o AW 17
3,5-bis(trifluoromethyl)benzylamine (18)%* & A L, ft&#% 19 & L7, &H 12, L-
TuYrEIvFE LAY 20° AEHSEAY 21 L L, ki T TFA L H
ZEXV BocKAEREL, Eul Y -DMM B Gl 22a % 15 72,

FsC

NH2 H N/"'
NC 2

o D
//

CF5; 18 FsC 20
I T Ty N SMe — = 5
MeS SMe THEF, reflux, 23 h H THF, reflux, 20 h BocN
17 98% 19 21

CF3 CF3

I ///

CHZCIZ rt, 0.5 h \Q/\
34% (2 steps)

B RISRMFoRELS LU kit

Scheme 3.9

BonHHAAaHAMmE 22200, =t T ATt IR =VibEYE
DOARF_XEMMEE~0W HEmF L, 7 /VEEEL L T B-nitrostyrene
(23a), cyclohexanone (24)% Hl Vv, A Al 22a, TEFMAEZTh T 0.1 4
#w, BRREMHFTIC TR ZIT -7 (Table 3.1), £7, Fix OEEIZS W TR
AT 24, MEEEMHET CRAgRINE, SCEBRMETHMN L T 5 MM
Mk 25a &= 4 7= (entry10), = Z C, MEELZHFTICTHRMNT 2HBo A K, &
B, YBIZOWVWTHEMICHBHEZITo7, ETMMZEBEML 204 TIE, IXEHR
FZLLSIETLE (entry 11), RICFHE 2 OBIZ O W TR ZIT > 2R, B L
0.1 ¥ EMH W KIESMH (entry 14)ICB W THRLEBHFRINE, = F v F 4 &R
MC A INIK 25a 272, FFRICEEME B @ R\ 2,4-dinitrobenzoic acid <° TFA
FHOWESAGCEEFELINRERMKR T Lz, Zo#HBE L THE, BYEEOM®RVE
FHWESACEMEYROE KT I VEMLS e b rfbs i REE O
NEML, vaea~xHh /) v FIUVERAREENTELED EEZILND,
T, BFBOYEZ 02 YRICHET D &, W, TEHEREBRENDT HICKT

24



L (entry 20), 0.05 M &EICWET S &, WEROHEMNEKT L7 (entry 21), Lk
DRIV, EiR, BEMESLMET, AHME 222, AL T T 0.1 4
BH WD &M (entry 1) 2 e &L L=,

Table 3.1

ICN
N//l,
H

FaC
3 YYD
0
22a "N~ Lqditive Q  Ph
NO,

NC

Ph/%,Noz + CF; (0.1 equiv) (0.1 equiv) _ Y
23a 24 (5 equiv) solvent, rt, 24 h 253
entry solvent additive yield (%) synl/anti ee (%)
1 hexane benzoic acid 85 90:10 85
2 toluene benzoic acid 71 85:15 84
3 CH,Cl, benzoic acid 81 89:11 84
4 THF benzoic acid 81 91:9 88
5 MeCN benzoic acid 71 85:15 91
6 MeOH benzoic acid 8 48:52 80
7 DMF benzoic acid 66 87:13 89
8 H,O benzoic acid 80 90:10 89
9 brine benzoic acid 81 91:9 87
10 neat benzoic acid 74 89:11 90
11 ab neat none 17 73:27 86
12 neat n-butanoic acid 80 87:13 90
13 neat propanoic acid 75 88:12 91
14 neat acetic acid 86 88:12 96
15 neat formic acid 82 91:9 88
16 neat chloroacetic acid 82 91:9 87
17 neat 4-nitrobenzoic acid 83 92:8 89
18 neat 2,4-dinitrobenzoic acid 16 67:33 86
19 neat trifluoroacetic acid 7 47:53 85
20°¢ neat acetic acid 83 89:11 93
214 neat acetic acid 78 86:14 97

224 (10 equiv) was used. ® Reaction time was 72 h. ¢ Acetic acid (0.2 equiv) was
used. ¢ Acetic acid (0.05 equiv) was used.

BONTRESRFIZE YT, DMM B A i 222 LEHBOBEDOF A 7 LT
AT RS fil g 22b, 22c DO fEEIEME I O W T D B E 21T o 7= (Table 3.2 ),
DMM B! f B fib i 22a & i L T, A AL 22b, 22co VT hz H W TH FK
JEEBET T, WRPARBICETFTLE, BEORELDY, DMMBERNTF I U L
TR IO L KFJHAMGEEAMNE L T B-nitrostyrene (23a)% K 0 % R A IE M

25



T 252 ENHLNTR -T2,

Table 3.2
Ph
Q catalyst (0.1 equiv) Q H NO
. . . 2
Ph/\’NOZ + ij acetic acid (0.1 equiv) - H
neat, rt, 24 h
23a 24 (5 equiv) 25a
S CF3
Ko oo &
HN
FsC NJLN/ "'0
CF3 H H HN
22a 22b 22c
86% vyield, 7% yield, 27% yield,
88/12, 96% ee >99/1, 95% ee 96/4, 90% ee

U EoRk#EbosRey RIS, RIEOEE —KILIZOW THRF 21T - 7= (Table
33, £F, = bru T AT O FEFRONRNTMICAFALIE, A hFTEOLI R
BrMRGEE2ROEE TIE, RAF 2RI ER, SEARRRNE TR 2 L&A IE (25b,
)& Z N E N7 (entries 2, 3), [AAkIC, EFKRkslEZEE LT v r 2873 254K
HTb, TREOIERN L b @E W AERRME TS 2 LA MK (25d, e)%
H5HZ LN TET (entries4,5), o, TT7HXLVUVER, ~TuREFOo=bbr T
N raERIIGEBEE L THWESAICL, RERINER, MEBRETANE T2
H ks (25F-i))& %5 5 2 & N T& 7= (entries6-9), LW T, ~A 7 )L RF —T
D ANK=nrfbtEMITOVWTHRAS LT, T M ZHWESGICIE, B
oM T IEAT AR (25)) &2 B 7oy, SRR MEIZIK T L2 (entry 10), £ £ fift 4
ET RN SICEVAERLEZ T I VE, YA 2 o E LKL TR
BN ENTEDICEBRERFTREL R LB ZOND, A YT FAT LT ER
FRAVWESSGICE, A YT FATATE FOLKBEEDOZDIZZF I VBN
FTONMERR/RTLEZEBZ O, TREEOSKERET, xIs T 2 L% IN1FK
(25k) % 15 7= (entry 11),
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Table 3.3

I //,,

; acetic acid
ANz +

CF; (0. 1 equiv) (0.1 equiv)
L . product
23a-k 24 (5 equiv) neat, rt 25a-k
entry product time (h) yield (%) syn/anti ee (%)
R 1_ .
1 R'= -H (25a) 24 86 88:12 96
2 -Me (25b) 24 89 90:10 96
3 -OMe (25¢) 24 73 88:12 91
4 -Cl  (25d) 72 53 88:12 99
5 -Br (25e) 72 74 91:9 92
6 Q 24 86 93:7 91
NO,
72 48 84 94:6 90
NO,
8 24 86 89:11 93
NO,
9 24 87 89:11 89

NO,

10° z 24 73 - 33
)J\/\/NOZ

11¢ Q 96 6 - 62
y NO,

a Cyclohexanone 24 (10 equiv) was used. ® The reaction was conducted with acetone (5 equiv) instead of
cyclohexanone. © The reaction was conducted with isobutyraldehyde (5 equiv) instead of cyclohexanone.
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l |

B ERBIREICO W T OB

BFonfmik 25a ONAERE LY KKICOEBREZLU TO X H>ICHEL

TWwW3% (Figure3.2), £, A 22a 0% 7 I Vs sy 7 a~x4
Vi, ML EBICEIOVRESN, /A =2UbAAF U EERTD, BT, AR
LA I=vrsAAriFoarI i Z28EILT 5, — 5T, DMM B O >0k

7w brrickv=reT7Arrrifltsh, = b pALAKRETFIZENE
ftahs, EBREABIUOBZHEBLEE, EBREAT=Fed LT L&
TFIVEDERKEIZLY, EBREBLUEBKLTIVAREICRD EERD
N, LER> TEBREBZRA L TRIEHEITL, = F I N =raT7 L7
VI Re @b BN 22 & T, LERBRMIZHME 25a BEKT 2 LB R
bh b,

Figure 3.2

B 1+ T NC._ _CN Bk

I 7,

CF3 08 @ CF3 6\\
o\ @
5 5
— - — Ar Re face —
A B
o Ar o Ar

it/'\/Noz ij:/:\/N02

CETHRARTERZEOIIE, EFFIAKRERKRAEMEF2=y & LT DMM B %
HET o8B BBAME 22 2= T Al LR bEYEDORFLE
MBERICEA L, AEE A WD LT, AHARELLELT D LERL,
BRI R, STHRBRECHNMELZES 2 ERTE R, KB, KISICAH®ER
AHEBHEEZLEL LAV ET, BEAMAS L 2L, KIGHK T %O %L MHE
D EnD, BER, RFBICBVLWCHARLDL EEZ 2D, O ULz
Linh, BB 22a1%, YV —rHr I AU — O &R T A M A bk
ThdLEEZD
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BNE v*o )P r-U7 I AFLrvn = U VAEEBEZ B
FERBETILTE REDAR=AILEMOEEHNARF 7L R
— v B

TNHWR=ARINE, IR =VibtEroFEEINLIT ) — AR ) T — D,
TNATE RRTZ by ~OMMKIGICEDY, prE Faex v I vR={tAEWEHD
Kt Td 5., $EKIL, Brgnsted i, o ZEEMBLMH T W TKRIENITHON
e, ZTOXIBRFMHETTIE, BCMERLERYWOBRKKIE, Zhitki~A 7
VAR 72 E DRI RO BN EAT T 5, M7 v R—ARSIE, 7 hrE—E, v
yrxm ) — ) —FT ) Y ICHEE L%, Lewis BMAEERA S S Z & T, Bl
AWM TS ENTED, LI, FTINANRYVTIVHEHETFTTOARAFET IV E— L
it s MG S TWvw 5 (Scheme 4.1), **® L»L, YV x>z ) —Lx—FL%b
BN LT IMERN DL L, BHoRVWEARBREZH Y TCWVWDE Z 2D
MERETAHLTWD,

OV“

N

1
Me 1.2 equiv)

Sn(OTf), (1.1equiv)
OTMS nBu,Sn(OAc), (1.1 equiv) OH O
>

R” H SEt CH,Cl,, -78 °C R SEt

70-90% yield
syni/anti = 100:0, >98% ee

Scheme 4.1

FHETIH L- Ve ) vicREESND LD R, KV REANO/D S WH KT fill i
ARAVWFEENARAE T LR — AR SR SRR ES LTV, D EF T, oy Y
> -DMM F Al il 22a O B e 2@ HIL K2 AWM & LT, BHEMNARFT LV F—LK
i~ o & R LT
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B SR oRELE XU — ki

HAREMB 2222 HVWT, BFEBRT LT REINR=AVILEWEDRET LR

— VR~ 21T o 7=, T VEE L L T p-nitrobenzaldehyde (26a),
cyclohexanone (24)% A\, H it 22a, TFAZZ N N 0.1 B EFEML, K&
ITHE 24T o 72 (Table 4.1), £7, HxOoBEHEIZOWTHHEITo72 L 25,
MEB LM T CRARINE, MERRETCEN L T2 HEMMEK 270 2/ 72
(entry 9), F 72, AR MULU e WEME T, AR EBREFTELIIEKFLAE (entry 10),
ZIT, BEEXMAETICTEMAOBBEIZOWTHEHNZIToT, EEIBRFL
H1 T, 2,4-dinitrobenzoic acid 2" b AR R IWMAI TH 2 2 & 345 v > 7= (entry
15), W CTHRINIRE Z 0°C L L THmEE2ITo7m & 2 A, SRERMENKIEIZM
£ U 7% (entry 16), & IZ, 2,4-dinitrobenzoic acid, ¥ 7 v ~*%H% /7 v (24)D Y &
OoOWTHRHNEIT-Z, £TOME, 2,4-dinitrobenzoic acid # 0.1 ¥ &, ¥ 7 u
~FH v 24)% 10 Y EH WD Z & TIE, YHREBRELELICEF KR CTH
e 32570 K=k 27a 255 2 &N TE ., KIGREH %2 48 FBERMICH M L
THEAZRINE, SEBRETCAIMZHED Z LN TE 2 (entry 17), UL b o
REV, RKIGERH, WE, TEHEERELZBREMWICEERLZHER, KAKIS TTER
B T, 0°C T p-nitrobenzaldehyde (26a)!Z %f L T, cyclohexanone (24)% 10 4
B, A HAEE 22a, 2,4-dinitrobenzoic acid Z = F 4 0.1 Y4 & A\ T 48 K[ X
JE S DR E REEME LT,
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Table 4.1

FsC I /II,
H’\Q (0] OH

; ZZa
/(D)L é (0.1 equiv) additive é/'\@
NO

solvent, rt

2
24 (10 equiv)

27a
entry solvent additive time (h) yield (%) synfanti  ee (%)
1 toluene trifluoroacetic acid (0.1) 72 65 84:16 67
2 hexane trifluoroacetic acid (0.1) 76 89 79:21 59
3 CH,ClI, trifluoroacetic acid (0.1) 72 32 88:12 80
4 THF trifluoroacetic acid (0.1) 72 78 81:19 70
5 MeCN trifluoroacetic acid (0.1) 72 29 85:15 49
6 DMF trifluoroacetic acid (0.1) 72 88 85:15 68
7 H,0 trifluoroacetic acid (0.1) 76 91 74:26 52
8 brine trifluoroacetic acid (0.1) 72 89 76:24 66
9 neat trifluoroacetic acid (0.1) 72 94 81:19 64
10 neat none 72 98 77:23 -11
1" neat acetic acid (0.1) 72 89 63:37 4
12 neat chloroacetic acid (0.1) 72 95 60:40 47
13 neat benzoic acid (0.1) 72 89 53:47 14
14 neat 4-nitrobenzoic acid (0.1) 72 98 55:45 28
15 neat 2,4-dinitrobenzoic acid (0.1) 72 98 81:19 69
162 neat 2,4-dinitrobenzoic acid (0.1) 72 93 92:8 91
17°@ neat 2,4-dinitrobenzoic acid (0.1) 48 90 92:8 92
18°@ neat 2,4-dinitrobenzoic acid (0.05) 48 92 71:29 37
19°@ neat 2,4-dinitrobenzoic acid (0.2) 48 42 88:12 86
20aPb neat 2,4-dinitrobenzoic acid (0.1) 48 94 89:11 81

@ Reaction temperature was 0 °C. b24 (5 equiv) was used.

koD RE B, RSO =IO THRF ZIT > 72 (Table 4.2),

BRI ETHDL = nu, "ulr, 7/, NV T7ArFuXFAEEEFRIC
BT2707Ee REAWESSIZIE, Wb BRARIE, &AL KRR CX
3D T v R — AR (27a-i) % 15 72 (entries 1-9), B+t 5 X TH L5 A F F &
ENFFEBROAZIMICEBRLEZT LT E R, RUVXTALFe FZ2HEEELTH
WA TIE, RIEHHZERE L T PREONRICE £ -7, @mW0ILEER
PETxIST 57 0 K — vk (27j-k) &2 5 5 2 & 3T X 7= (entries 10, 11), ¥ 7=,
FERICEKO v v 28T 577 e FEEELE L TCHVWERAGIZIE, T
b mIE, s IR®RMEE2 R L7 (entries 12-13), ¥ b & LT, v7 o X
vE U, TRERMUVyERHOWESSICE, WK, SEERELESICTREOMRE L
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78 o 7o (entries 14-15),
Table 4.2

NC CN
IN/"'

F3;C N
H H HNO 2,4-dinitrobenzoic
22a acid

o) CF3; (0.1 equiv) (0.1 equiv)
)j\ +  ketone N > product
Ar H neat, 0 °C
26a-o (10 equiv) 27a-0
entry product time (h) yield (%) anti/syn ee (%)
1 O OH R'= 2-NO, (27b) 48 71 87:13 96
2 - ; 3-NO, (27c) 48 95 937 95
= R
3 4-NO, (27a) 48 90 92:8 92
42 O OH R2= 2-Cl (27d) 120 85 93:7 94
52 Y 2 3-Cl (27e) 120 94 96:4 89
= R
6° 4-Cl (27f) 120 75 94:6 98
78 O OH R3= 4-Br (279) 96 83 95:5 93
82 ~ s 4-CN  (27h) 48 91 95:5 93
= R
9 4-CF3 (27i) 48 89 94:6 96
10 3-OMe (27j) 120 68 937 92
O OH
112 ij:_/k@ 120 43 94:6 92
27k
O OH Gl
12 v 48 100 >99:1 99
Cl
271
O OH F
F
13 z 48 87 >99:1 99
F F
27m F
O OH
142 2 120 78 24:76° 79
NO,
27n
O OH
15¢ )J\/'\©\ 48 40 - 75
NO,
270

@22a (0.2 equiv) and 2,4-dinitrobenzoic acid (0.2 equiv) was used. ® Cyclopentanone (10 equiv) was
used instead of cyclohexanone. ¢ The enantioselectivity of syn-isomer was 62% ee. ¢ Acetone (10

equiv) was used instead of cyclohexanone.
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BIREBIZSOWT D E R

¥
|l
s
=

EEL, HEMAME 27Ta D CEREE XV AKIEOBBRELZL T L5 ICHE
L CW2 (Figured.l), 9, A 22a 08 —HT7 I 8oLy 7 a~F W
SRV A I =T AL T OB ERT D, AL I =V AT FT S I
WCEBMEAL L, DMM B O —S>0@E 7o b ik WIS HFEFEKRT VT B
FiZsREEMIMT 52 & T, [Nk 27a 84+ %5, L2 L, Table 4.1 IC 87 1 &
BT, BWMMAIELE L TMATEBRBOBEBRESSAE, YEIZX T F U F 4 BRM
WHERERSD DL DD, BMLULEBAABRMEOTABEICEEL, £RY
DMFEBRREICKEIBEELTNWWD EEZLXObNDS, L2L, TOHRIZHONT,
To& VD LEMAIIINETIZELAL T RN,

Figure 4.1

FaC
’ N
H

NC

CN

I ~ 1y,

0
H N

'I \\\ ”lo\\\
CF3 CF; g
Ar)LH Hw
A B
O OH O OH

CETHBARNLELIWE, EFTHHARKEMFREMLEGT 2=y FTH D DMM F #
AT LAMMB 22a OBEMAILREAMNE L THFEET VT E RED LR =L
CEEWMEDRET V= VIE~DWE M 21T > 72, AOSIE, BEHEESRET TIT
AHZE, RHICHRTERZAKMEZNAL WS Z R0 HAz AL T
5o
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OB T X ATF VAT A UREMEMEBEEYRH W~ L
A I RFR~DHNVEKE=AbEY O R F &AL IS

FINRAZ VA I FEKRIRADLERELEMILELEDOPOLEKLE LT
~UVAIFNEHEYELE L TERBRE A MME 2 M Vv ic R

ERICE LS,
A IS, ~A XA MKSICEvFEES 2522 LRnTE 5 (Figure 5.1), *¥

Figure 5.1

OAc HH

Haterumaimide A Hirsutellone A

FEHMEIZIZ2~ LA IFEZEAVERFTICOIAOHRER E L T, 2006 4

Melchiorre 5 IF KA THLF =V EZHWT NP A I R~ 1,3-V
HNVR=NVIbEDDO~A T A Z @I E, L EREBRAICERL TWD

(Scheme 5.1), **

Scheme 5.1

K~ <
FAH v LT

141

v A HTZ N RF—LLTCTATE REHWEABEMEICLS~L 1
o 4540 2 0, Wang BT,

AT NV IEZEAICREINLTWS
R AE#ME LS H T, TALFE R L AIFRLEORFLEEMNMMEIEEZHE LT

W% (Scheme 5.2), *°"
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Ph. JSLNO

NN :
o 0 NH, O
] (1-15 mol%) 0
R\HLH + I N-rR H,0 (15 mol%) . NR
R? CHCly, rt S
S ¥ R R, O
R': alkyl; R?: H, alkyl; R: alkyl, aryl 63-93% vyield, 95-99% ee
Scheme 5.2

AT NVEKF—=LLTT RIS RV Zu~XY ) oDk ) REMAR T

L2L,
Mz AuieRdeiE, BEETICEZfLrRE S Tz, 47 2010 412 Ye
blX, #7117 E /) ALK =/ DPEN (diphenylethylenediamine)% A \» T acetone
P IRYAR NS /N IR N2 e o B | IOl

REDTF Fr e~ A RELOEIE,

# L TWwW3 (Scheme 5.3), 47
Ph Ph

S

H,N N-SO, Cl

H
Cl 0

0 o 0
R (10 mol%) 0
2%& + | N-Ar benzoic acid (10 mol%) N=Ar
r R+
Rz toluene, rt RS R, O

Rq-alkyl, Ry: H, alkyl up to 99% yield, up to 99% ee

Scheme 5.3

Faz Wiy 7 a

741

F 2011 F I Wang b ld ¥ 7 020 Y P RANEK ST
LR ERAIZET T D

=]

—|

XAl A 2R E ORI D IR,

L HEHEL TWD (Scheme 5.4), 4™

D_JN HTf
N

H

0 0O
é + | N-R (10 mol%)
i-PrOH-Et,0
O (1:1 viv)

0°C

up to 86% yield, up to 94% ee
Scheme 5.4

BN T, 2013 412 Zhao LT F AT LT BB EZ G XF =Y (QDT)E, L-2-7
gr 7 x=L7 VU (L-2-CPG)IZ L W KIEFZH TH 4 L7 MDO (modularly

designed organocatalyst)# W77 Vv kb K&, ¥ hrD~ L A I F~OFRF &
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NS &2 #E L Twv 5 (Scheme5.5), 9 ~ L 4 I FIcstLTT7AF e R&Ar h
YOWMBFIZOWT, B ZRINE, SMERBRECKIENET LZaflixR, XF
Bt 2 oagAERNRERARTWVWDS, L2L, ZOWETEH _MHEEOF T VRILA
MuEVLEETL22E0E, LVBERIFEBECIIRICOBERNRD LN TN D

0]
O QDT (10 mol%)
, | L-2-CPG (10 mol%) 0 g’QL_R1
| N-R' + R\HLRA' - 2
toluene, rt R 72
) R3 RS RZ O
R1: Ar, R2‘ R3: H, alkyl, R4: H, alkyl up to 99% y|e|d, up to 99% ee

L-2-CPG MDO

Scheme 5.5

Z - CTAE, EE TR O DMM A B fib 1512 L3 S B ok R A 5 A B
BIMBEEAVTTATE KEr koD~ LA KE~DRFE~A &R
oV THRAET >, £, AEHOIB T by Lv LA I FOFRF LR
MR AT 20 THRE & AT - 7

5 — Hi il 1 o R E

TLUVAIRNEHMATS P OARFEBEMNMIEICOVWTHRFTT2CHELY, *
F L HEE L L T N-phenylmaleimide (28a), acetone (29)% A\ T b /b= ViRHEE
BERIC TR A 2 AEAMELZH W THRE %217 > 7 (Tableb5.1), 7, ¥4 v L7 H#
AR 31 2 HWwWic b 2 A, EmUE THIMME 30a & 57203, 3R T B8
SN2 oo (entry 1), KT, DMM B A 8% fih 4 32, 22a # W TR G 21T » 7=,
BT I UoMELEAT S DMM RE M 32 2 Wi B AT, EIR T
H DN FREE O ARERME TH IR 30a BHE S N (entry 2), B kT I A
H T 5H DMM B F Rt 22a 2 Wiz & 2 ARNRISITHEIT L2 o 7= (entry 3),
UEoXoic, FAHY LT HKS DMM B 2 K FE R A5 & 3 2 A B fid 4
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T, MOV YR BRETH/ELON R o0, AEAME D OKERE LA
DKRFEMAMLEEREIM LI EL LT, KICEEZ XV@BEICEE L, KD
R, Uh@ERMEIr»M LS ETFHINLDLD, 22T, EHEITIDMM BRIV B S5
WkFEMAGBEREOBRVWVAKZ#K G L=y PORBEEZBRITLE, KEHKGMHES
REom Eix, AHMAME 32 ofEdTo T EEIVEFRIIEORVEREELIC
EEHRDLHILT, ERSNdeHEFETCEL, EFRkgIEoRELLTTE =
FUL, 7R 7=/ 0D pKy Bl LI 2 A, T 7=/ v (pK, 24.7,
DMSO)®D 528, 7+ h =k U L (pK,31.3, DMSO) L » & L ¥ K\ pK, fi *®% &+
e, T EICRDY, KVEFRIIMEOGWVWIAR=VEEZBEAL LY

7T/ AF LA YT YA Y (diaminomethyleneindenedione, DMI)'E # % f &
LA 33 26 L7c, DMI B A BB 33 2 W TKIEEZIT-T& 2 5,
FREOIERZNL bW IKEBRECHENE T 5 MK 30a %47 (entry 4),

PLEDORHELY, AKIGICIEIDMI BB E2E T >AKME 33X FLTH H L& H K
L 7=,

Table 5.1
(0} 0]
i 0 catalyst benzoic acid Y’l,
N=Ph  + (0.1 equiv) (0.1 equiv) o) N—Ph
)J\ >

(0] toluene, rt 0

28a 29 (5 equiv) 30a
entry catalyst time (h) yield (%) ee (%)

1 31 95 quant. 18

2 32 170 16 57

3 22a 170 nd.?

4 33 95 59 89
2 Not detected.

CFs
2L I Q
FsC NJLN“
HoH Ne

31 2
NCICN %
N N/I"O Q
HoOHo

CF, 22a




Paran

O T I AFL AL T U A O S RK

DMI A #% fik 8 331X, LN HiETHE L7 (Scheme 5.6), XXHBER (b & W
34 49 L 3,5-bis(trifluoromethyl)benzylamine (18)% THF &I 1, /1 #GE & & C
it&M 35 %7157-, & 512, (1R, 2R)-cyclohexane-1,2-diamine (36) & THF & #if 1,
HIRCTHALTHZ LT, DMI A G b B 33 &2 15 7=,

F3C NH
3 NH, U 2
o o O O "NH2 O (0]
CF; 18 36 o F3C N N
H H
NH,

FsC
— > N” “SMe -
MeS” “SMe THF, reflux, 16 h H THF, 1t, 23 h
0, 70
34 93% 35 67%

CF, CF;
Scheme 5.6

33

B KRt oxEibs IO — &1k

DFER LY, DMI AREAEE 33 2 W TRISSEMHE DKL %17 - 7= (Table
5.2), % 7, N-phenylmaleimide (28a)(Z % L T, acetone (29)% 5 4 &, 7 % filt i
332 0.1 HEMY, YZuop Az rpd, BERICTRIEEZIToED S, K
WHRLPR O b, BA RS AERERETCHN E T 2 L%MMIEKE 30a 572 (entry 1),
MWTLZREER 2 0l YERML RIS ZITo e A, WRFE XU AERR
Pl BT A5 2 E NS oz (entry 2), £ T, ZEEFMRE 0.1 Y EHRMN
LEEHFTIBNWT, xoEEZzHYCHRHNEZITo72 el A, Pz X
YL rD X REmMMEEREEH VWS Z LT, B RE A2 (entries 13-16),
¥rlZ p-xylene ZH W7 HEICHx b B RAKRERETCHBO & F 25 &AM INIK
30axfH 5D &N TET (entry 16),
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Table 5.2

O (6]
FoC N7 N
0 H H
o \©ﬂ 33 NH; additive \n/
QN—Ph + )]\ CF3 (0.1 equiv) (0.1 equw) <§
o) solvent (1.0M), rt, 48 h
28a 29
(5 equiv)
entry solvent additive yield (%) ee (%)
12 CH,Cl, none 12 75
2 CH,Cl, benzoic acid 32 79
3 CICH,CH,CI benzoic acid 34 79
4 hexane benzoic acid 63 64
5 EtOAc benzoic acid 59 80
6 Et,0 benzoic acid 60 83
7 THF benzoic acid 61 85
8 1,4-dioxane benzoic acid 66 88
9 MeCN benzoic acid 44 36
10 DMF benzoic acid 32 0
11 MeOH benzoic acid 37 37
12 neat benzoic acid 72 49
13 toluene benzoic acid 58 89
14 o-xylene benzoic acid 63 88
15 m-xylene benzoic acid 60 88
16 p-xylene benzoic acid 50 91

@ Reaction time was 65 h.

BT, MIGIEB % p-xylene & LT, BmMAOREBEIZ W THITFT L (Table
5.3) X, HEM72 ECOBMEILVE B, MxOFEEFEBERIALVECVBEZH O TR
MLt Ah, BREEFEMEHRMLELZCRVBERIERBRMETCAEMNE TS
WK 30a G oz (entry 1), £, BMAOLYEIZOWTHRHNZIT-
e Ah, BEHMAZ 0.2 ¥i&E, 006 YEAWLEAICIE, DT I L R&ERR
ﬁﬁﬁTLt(mMumiuoﬁm,ﬁﬁ@ww%f%osmkbtk_é I
FIFME T LR, SEARBEBRE IR ELAZ (entry 15), & 52 KSR E %2 40 °C &
L2 A, WHENFE ELZ (entry16), I E %2 40°C & L T, KISEHK D
REZ 05 M, AHEAMME 332014, REEFEMEL 006 Y& W TKIEEIT -
LA, IWE, MERBEBRMELICODST icm E L (entry17), = Z T, A k% fik
B33 % 02%E, REFBZ 01YEHAWVWEE A, kb BRI HRIE, 7Kk
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WRETHBE T 5 LEAMAMEK 30a 2315 5 L7z (entry 18), UL L OBF#H R 2 5
N-phenylmaleimide (28a)iZ % L T, acetone (29)% 5 M &, A MM 33 % 0.2 4
w, BEEBE 0.1 % &M\, p-xylene ¥ (0.5 M), 40°C 2 T I %=1T 95 5
% f & & L 7= (entry 18),

Table 5.3

) 0
F3C N N\\‘Q
0 H H

O
o 33 NH; YII'
| N-Ph +)j\ CF3 (0.1 equiv) additive o) N=Ph
O

e} solvent, rt, 48 h

28a 29
(0.2 mmol) (5 equiv)
entry solvent (M) additive (equiv) yield (%) ee (%)
1 p-xylene (1.0) benzoic acid (0.1) 50 91
2 p-xylene (1.0) formic acid (0.1) 59 87
3 p-xylene (1.0) acetic acid (0.1) 70 89
4 p-xylene (1.0) propanoic acid (0.1) 62 88
5 p-xylene (1.0) n-butanoic acid (0.1) 65 89
6 p-xylene (1.0) 4-methoxybenzoic acid (0.1) 62 88
7 p-xylene (1.0) 4-methylbenzoic acid (0.1) 60 88
8 p-xylene (1.0) 4-chlorobenzoic acid (0.1) 42 89
9 p-xylene (1.0) 4-nitrobenzoic acid (0.1) 51 88
10 p-xylene (1.0) 2-nitrobenzoic acid (0.1) 28 87
11 p-xylene (1.0) 2,4-dinitrobenzoic acid (0.1) 9 87
12 p-xylene (1.0) TFA (0.1) trace -
13 p-xylene (1.0) benzoic acid (0.2) 48 85
14 p-xylene (1.0) benzoic acid (0.05) 66 88
15 p-xylene (0.5) benzoic acid (0.1) 42 91
162 p-xylene (0.5) benzoic acid (0.1) 68 90
178 p-xylene (0.5) benzoic acid (0.05) 71 91
1820 p-xylene (0.5) benzoic acid (0.1) 81 92

@ The reaction was carried out at 40 °C. P Catalyst 33 (0.2 equiv) was used.

Ubkom#btofBRes R, RKIEOEE KLz o> THRE 21T > 72 (Table
5.4), £ 7, N-benzylmaleimide (28b)% X E & L TH WAL A IZIX, @mWILE, T
B THLEAM IR 30b B 5Nz (entry2), i, na# v, MU 74t n
AFNEREODBEFRIILEEZFERICAT O~ LvAIFPzHTIBRFTEZIT-o L
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ZAH, WTHhOHE TS RAFRIE, SERERME TS 2 &M IN{K 30c-e &
BHZ LN T&x (entries 3-5), PU 7 A Ao XAFLEEFEFERICAT DL~ LA
FazMHWikE&eI1ZiE, 40 °C TIEAMFME 30e oo @AR SO, HillE
TR TCRIEEIT>Te, FTATFNVE, AT EOIILREBEFHGEELZ T EHER
CAHT LD~ VAI FEaHwizeE A, b 2 &AM E 30f-h 2 R ENDL
W E L, Em W R @R M T/ DS & N T & 2 (entries 6-8), & 2,
N-phenylmaleimide (30a)& kxR VAR =Lt AW E DN MK IS ERE L, &
ra~x¥ )y, lb-vru~dHrOFrE ) F LU 2L ERAVTEEA
Wi, mWILE, = F  FARRECTHMME 300, j2Hn, T AT L AER
PEIX Bl S e 22 o 72 (entries 9,10), £72, 7 v X & ) v 2HWEEAEITIE
HREONE, PTATLARRMETH >R, =) v F 4 BIRNETAH MK
30k % 7= (entry11), 3-X X J v, b-~T H ) DX REVEYY N &2 AW
THAITE, TV EONEKEEO D ICIENK T L7 (entries 12, 13), 2,4-
N A UFERWESAEICE, BHERRETH >, Ko F v F 4 RR M
R L7z (entry 14), £/, 1-A hFv-2-7u X viafMnmsEngHaciEx, B
HRWNFELRLL, VTATUVARREFTRERLS, BELTHELNLZY T AT LA
~—0OTFrFAERELEN - (entry 15), S b, TAT b REEEE
ELTHWTHRHNEZITo 2. A Y T FAT AT E R, 2-2F LT F LT LT R,
Yrom R B ANRXFTT AT R, Y AnFdH oL RXRTIT VT E R R
Wiz oA, FREREND B4 RNE, MERRETCAMOFINE 30p-s 21572

17

It

(entries 16-19), ¥/ v b A 77T FEHWEHAICIE, BHERINE, = F
VI FERETCHS TN, KW T AT VA ERMEEZ R L (entry 20), T
BB ATFAEHCES SR, KRNETHY, = F 0 FAERRETBEIN

ot (entry 21), ZOHMBEE LT, vurBEYAF L AHEMB T OE— %
TIvEHMTEFICEERSESALT, o VB AFILO oD ek EE
—RRT I UEMRE & HRE, AL =N LA RCNMT S TRIG
DHOTNICEITLTWND EBZ X615,
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Table 5.4

F3C

[¢] N N
H H
| N—R carbonyl NH; benzoic acid
+  compound CFs 33 (0.2 equiv) 0.1 equiv)‘

o) (5 equiv) N > product
28a-h p-xylene, 40 °C 30a-u
entry product time (h)  yield (%) dia:'ztttiac:eo ee (%)

(0]
Y/,‘
1 o N—Ph 48 81 — 92
30a O
(0]
Y/,‘
2 o N—Bn 48 92 - 95
30b O
O
\ﬂ/ll'
3 S N—@—Br 48 86 — 90
O 30c
(0] Cl
Y/,l
4 a N 48 79 — 86
O 30d
0 CF,
\ﬂ/ll'
52 o) N 48 65 — 92
0 30e
(0]
\n/ll'
6 L N—©—0H3 140 51 — 89
°© 30f
0 CHj
Y/,l
7 o) N 48 80 — 86
O 309
(0]
Y/,l
8 Il N—©—00H3 48 55 — 85
O 30n
(0]
9 48 95 51:49 99 (99)°
o N=Ph
e} 30i
00
(o]
10 48 88 55:45 96 (99)°
o N—Ph
Y 30j
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20

21

48

160
N

30p

N—Ph

30q

30r

O 304

134

168

48

48

168

48

48

24

96

67

65

14

75

87

74

62

95

84

83

18

73:27

51:49

53:47

57:43

57:43

87(62)°

88 (96)°

90 (82)°

40

29 (73)°

94

76

91

94

95 (92)°

@ The reaction was carried out at rt.
b Enantio excess of major isomer. Enantio excess of minor isomer in parentheses.

43



FENH BBREIZOWTOELE

BAEETI, RICEBLZ XFHIT2EZBRERIGELL TR WA, L&AMIK 30a
ODYUBEELEY, ARIEOEBRELFO LS CHELTW5 (Figure 5.2).,
TP, ABMEBETOE BT IVEMETS N UBRENATHILIREEFRICE DR
I, = FIFHEE (IDEREKT S5, £72, DMI O >0 7w bR =
LAIROANVAR= VEER AR, YHEMICEEL, vV A I RO BMDOKFESR
Wb+ 25, b A4 IR, MEFPFORUOAVT I N E DOSIEN R E BT D

IREIND (), = F I i3 EvEFARER, KEKAEEGIZTLDEMELR
ST NV A= O BALIZ REAMBES LA U () imK s fig S
v, AN 30a AR T S, A 33 mASH, Mgl L CHET S
EFEz2obND, £, ARSOMERBRMEITZSFI OB~ A4 I RICHEMMT
HZBEO~L A I FOMETICIVIEESIND EE 2L D (Figure5.3), BB IKIE A
TRHAEMBETONOALT IV E~ LA I FPOFERIMS ORI
D, BEBREBIVLALETHDLI EEEZEZOLND, LEN- T, EBNRE B 2K
L TRIENRETTD2LEE b5,

o

Figure 5.2

I} O siface attack
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Figure 5.3

- e =

E ? \\‘ N\\‘
N

CFSPh\)b CF; {:@
\ OSiface attack
MN—Ph T"'QN—Ph
(0]

ZEFETHRTE Lo, EFIHHARAKERAGM-G 2= P TH D DMI
B EHRET DL EBEMB 33 20T, ~Lb A FEIAR=ibEaWoRFILE
MRS ~DEM 2T o2, ARISIE, T ARAT7 VA4 REKREMBETE
DERRIETH D, AHME 33 2022 L T, v A FIgxt L CTRIGH
WAhlnwrEhrRrrsae~ndh ) o lolMEr Ny, BD5WIET VT ER
DWFE~v LA I R~miles, S EROICEEMFNs s enTEh, K
RSB WT DMI B 2 H 3 5 AEMEE 331X, 47 L7 B DMM & i &

AT 52ABMEBELY BERZHREZE5 X, DMIBKEOKFEM AR G2 =y P& L
TOAFMMEEHLENIZT D2 ENTE L,

(@]
-
(@]
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it 75

EHFIHRKRE/RAMMEREHEMEOCOHRE L, TNUOORERIE~O A %
HRE L T EiToe, ETH-—DKEKGRERAEE S, FMESL LT, XK
T/ THD L-valine PO REE L AEMBEZHE L, KITZHODOKHERE
w5 T o AEMAMBELE LT, B/ T IVENMNEAT S DMM B B AR 2, X
HIZDMI B ZA T2 AKMELZHEBEL, TAODOARFRIGE~OHEH %17 - 7=,
SR/ LONTZMREZLLTICE LD D,

FT, F % T L-valine 2o FHE LA ALKR 7 I R AEBEAME 9% Hw
T, E=V ALKy o k70T FEEORE~A 7 VAN~ O i A
W Lic, TORIGETIE, BRPARELRNBEAFRFZREBMREZMETIZIENT
IR, S ARBEBROICHER T 22 LTI LT,

SO,Ph CHO HoN NHSO,C4Fg TFA
+ 9 (0.1 equiv) (0.1 equiv) CHO SO,Ph
SO,Ph Ar > Aritvy
m-xylene, rt SO,Ph

up to 99% yield
up to 93% ee

WIZ, H== , FUETIIHFHL2AEKME LI Y 2 -DMM B A B fill 44
22a W T, =but L 74 N DODRFATAMNMKIEG, BLOERE
BTATeERETS B DORET R = IS~ O IR LTz, WD
KIEIEB WL FHERE20E LT 5248, BWETHMNMAERY % B 4 72
W, By KBRRETHEDLI N TE T,

NC CN
o X ..
O
222 "N~ cetic acid Q A
Ar/%’Noz + CF3; (0.1 equiv) (0.1 equiv) . it./\/N02
neat, rt
up to 89%
up to 99% ee
NCICN
F3C N N///,
H H HN 2,4-dinitrobenzoic
22a acid
O O OH

0 CF3; (0.1 equiv) (0.1 equiv)
+ '
Ar)LH Ié neat, 0 °C éi/kAr

up to 100%
up to 99% ee
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KRB, FBLETIE, LVBAOLKAZFREGHRGELAT 2 AKMEBEORE X 2 R
)& LT DMI B B il 448 33 2B L7, AR 33 1F~1v A I &AW LAR=
el DR F~A T AMMKIEICHEHATETHY, 4T L7 HHKL DMM
BHEzATOAKME IV bEALMEEEEZRL L,

(@) O
F3C N N\“Q
H H

NH
33 2 benzoic acid o

0O
0]
CF3 (0.2 equiv) 0.1 equiv o}
2 3
| N-R' + Rj)LR“ ( ) > N-R'
3 p-xylene, 40 °C, 48 h R4
o) R

RS R?2 0

up to 95%
up to 99% ee

ERIZRARLEL I, AR T, RARTI /B TohH D L-valine b #FH L 72
FHRAAABMBEORERIE~O@EMA L, 7047 2{LAW O %ZFH L 7=\ I
BAHIZ WTHRH L, £, HlRKFZHAGU G TH2 DMM F # O i
MYEREZBHELTHELEZERY U -DMM A, S5k hRks#E
A A E R T 5 DMI BRI 42 R F RIS~ A L, BEF O KFERE 58
MBI bEREMEBEFEEZRT 22O Lz, 4RI LA K
X, Wb LA EE N OMEICHR TN TE DREANMND/N
SWKIERETHDL, chbxHWDLIZ T, BAMRAKESFETIZEWTHH R
FINPMEEHGL LN TERL, 20 FBEMBIE, AR CHEMRREK
JSEREST L0, FHEINL2BEEDPI DR BEMAREOB A ND HEHET
o, %, TRNOLOMAICIYVARERILFERIDHICERTDZZILEZMPFLE
[
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KOOI, AFRICE L TERIE CICEGR LOMERICTHZY, Kin#EBE
MOLERE L HEBEALG Y LB R ER R EE - =B ICR
L sEHFoOTERL ET,

ABRICE L TCHBEZRL2@BEELHBELZBY Lo RERKTE AL
FREE AMEMREEPMAE - FRETOERICEELRDIEHOBELZERL 7,

ARWFFEOHEEICH LV AW E, WEamIE OCICHEME2HS £ LR
BFrRZ A REE SREMEEZMIEE - L2 MAGEHEM, KTEHRXF
EleFH=E - A wBma, R FBE B, F- SAEEEL, KPEEfRE
HEBEER Y — - LB REARICEHF L ET,

LRI MEOCEESHTOREELZT> THE ELLEERERRZESE ¥ —0D
B, HRRERREPRSF X —0FBRICE#H VL ET,

Mz <, RBRICELEEGH, @imz LTCHEHEELEFARLTRFEL, HEE
M t, HEkmElet, MAERR LY, WHMBRZY £, MEERY L, M
FTRZHOMEEFRICEHFEL £ 3,

49



FERODES

FBRICHWEEREL LI OBEE TRk TERXN S, fobsl T EKRAS H,
Sigma-Aldrich sk &, BRI FHRA SN Z N E Ll AL -,
'H NMR, *C NMR /% H A% 7 JNM-EX-400, JINM-AL-400 spectrometer, ECA-500, &
% Wik Bruker Ascend400 (400 MHz) THIE L7z, k% > 7 MEIL SiMe, & N R
# L L, ppm TZHR L 7 (s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet; br,
broad), & A X7 b/ ix, HAEKE T IMS-SX 102A spectrometer, MicromassLCT
THE L=, 8 FE 4TI Elemental Vavio EL % il W\ 72, JE X FE 11X JASCO P-1010
FRWCTHE L, 77y vav VA FGVvrsan~ N7 77 40— EEEMAMR
Silica Gel 60 N (40-50 uM, Bk, Fiik) ZH Wiz, s n~ 277 7 4+ — (TLC)
(21X Merk Silicagel 60F 245 plate # W7z, = F > F A RREEZHER T 272D 1
R LS ERE a~ b7 77 40— 123 BEREF  Labsolution CBM-20A

FOoEBAAL T AT XA AL L% CHIRALPAK, CHIRALCEL # A Wiz, %I
RBOZRVEDY, WRIFHEBEE TR LE, LYV T AT LAREREIT 'H NMR
WEvEHLE, =7y FARREIEFESFHAI I 22 A0 TEmEKREK S 2~
N T 74—l KV EBL, XML oBICEYEXESEZRTE L,
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BRI D ER
AR 9 D B Bk

C4F¢SO,F, EtsN
—_— =

BocHN  NH, CH2Cl2, 1,46 h  BocHN  NHS0,C4F,
7 79% 8

(S)-tert-Butyl 1-amino-3-methylbutan-2-ylcarbamate (7 *® , 300 mg, 1.48 mmol) ® 4
/K CH,Cl, (5 mL)¥& % 2, triethylamine (0.46mL, 3.06 mmol) % =i, 7/ =2 %K
AFETMzx7=, 5 H# L7=%, perfluorobutanesulfonyl fluoride (0.87 mL, 4.45
mmol)Z 0 °CTHl 272, O CCTLHRFIHLFL L 7ot%, =R T4 L 72, KISW
W% KICHEE, EtOAcT =Ml L7, EtOAcB # &b+, fafiRE K THE L,
HEKMQSO, TRz, @M L%, WMET CTHEZBEELEL, HOoNTCREMEREZ
7w vav VSN AT A IR NI T T 00— (BB ; hexane : EtOAc =
7 1) T M #® L , (S)-tert-Butyl-3-methyl-1-(perfluorobutanesulfonamide)
butan-2-ylcarbamate (8, 556 mg, 79%)% HE A ¥y K & L TH 7=,

8: Mp = 74-75 °C; [a]?" =-5.4° (¢ =0.62 in MeOH); *H-NMR (400 MHz, CD;0D): § =
0.81 (d,J = 6.8 Hz, 3H), 0.85 (d, J = 6.8 Hz, 3H), 1.35 (s, 9H), 1.65-1.71 (m, 1H), 3.08
(dd, J = 8.1, 13.5 Hz,1H), 3.28 (dd, J = 4.5, 13.5 Hz, 1H), 3.31-3.37 (m, 1H); **C-NMR
(125 MHz, CD;0D): 6 = 18.2,19.9, 28.8, 31.0, 47.1, 57.6, 80.2, 110.2-121.0 (complex
signals of -CF, and -CF3), 158.5; HRMS(ESI-TOF): calcd for Cy4H,;FgN,04SNa
(M+Na)*: 507.0976, Found: 507.0991.

HCI

BocHN ~ NHSO,C,Fg  EtOAC. T 2.5h p N NHSO,C4Fg
8 90% 9

(S)-tert-Butyl 3-methyl-1-(perfluorobutanesulfonamide)butan-2-ylcarbamate (8, 300
mg, 0.619 mmol)® EtOAc (2.5 mL)IE R ICAMMT R FE#E — F VR IR (2.5 mL)% 0 °C T
Mz, EiRICT25KMEHR LR, WETTEELAREEL L, BRMHEZEZ &0
NaHCO /K & ik IZ ¥R in L, EtOAc T3 fli i L 72, EtOAcE Zz & b, fdfi & K T
Ve L, MIKMQSO, CTHzlge, WM L72%, WETFTTCHELAEELLE, B R
WL 77 vy vav VDA AT A su~ NI T 7 40— (BBEKBMB ; CHCI; :
MeOH =20 : 1) TH® L, (S)-N-(2-Amino-3-methylbutyl)-perfluorobutanesulfonamide
(9, 214 mg, 90%) %= M) K & L TH 7=,

9; Mp = 134-136 °C; [a]d = +7.9 °(c = 1.01 in MeOH); '"H-NMR (500 MHz, CD;0D):
§=1.01(d,J=6.9Hz, 3H), 1.02 (d, J = 6.9 Hz, 3H), 1.90-1.97 (m, 1H), 2.82-2.86 (m,
1H), 3.14 (dd, J = 8.6, 13.1 Hz, 1H), 3.41 (dd, J = 3.5, 13.1 Hz, 1H); *C-NMR (125
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MHz, CD3;0OD): 6 = 18.9, 19.0, 30.1, 47.4, 60.7, 110.2-120.4 (complex signals of —-CF,
and —CF3); Anal. Calcd for CoH;3FgN,0,S: C, 28.13; H, 3.41; N, 7.29. Found: C, 28.07;
H, 3.39; N, 7.26.

A 11 o & Rk

~€_\ CgF17SO,F, EtsN
BocHN NHZCHZC|2' " 9Zh b chN NHSO,CgF 17

7 46% 10
(S)-tert-Butyl 1-amino-3-methylbutan-2-ylcarbamate (7, 385 mg, 1.90 mmol) ® £ /K
CH,Cl, (20 mL)¥ ¥ 12, triethylamine (0.80mL, 5.71 mmol) % =&, 7/ 3 v FH A
TCTMmxi, 5 M #HEH L%, perfluorooctanesulfonyl fluoride (1.57 mL, 5.71
mmol)% 0 °C T A 72, 0 °C T2 WM Lk, R TIORMEHLEL, KX
SRR 2 KT IE E, EtOAc T =[#hil L7z, EtOAc @ 2 & b, fafn &K TU
WL, K MgSO, CTHz, BB L72%, WMIEFTCHRELZIHELL, BONTIRM
Biku 77 v vav VAV ogarsra~ 777 40— (EBBEB ; hexane :
EtOAc = 6 : 1) TH MW L, (S)-tert-Butyl 3-methyl-1-(perfluorooctanesulfonamide)
butan-2-ylcarbamate (10, 602 mg, 46%)Z K E O O WK B E & L TH 7=,
10 : [a]?* = —4.2° (c = 1.28 in MeOH); 'H-NMR (500 MHz, CDCl3): & = 0.95 (d, J =
7.4 Hz, 3H), 0.97 (d, J = 6.8 Hz, 3H), 1.44 (s, 9H), 1.80-1.85 (m, 1H), 3.25 (m, 1H),
3.46 (brd, J = 12.6 Hz, 1H), 3.55 (m, 1H), 4.67 (brd, J = 8.0 Hz, 1H), 7.13 (brs, 1H);
13C-NMR (125 MHz, CDClI): 6 = 18.0, 19.2, 28.2, 30.1, 48.4, 55.7, 80.8, 108.0-113.0
(complex signals of -CF, and -CF3), 157.6; HRMS (ESI-TOF): calcd for
C.gH,1F17N,0,SNa (M+Na)™: 707.0848, Found: 707.0873.

HCI

_—
BocHN  NHSO,C,Fg  EtOAc,rt, 2h H,N  NHSO,CgF47
10 91% 1

(S)-tert-Butyl 3-methyl-1-(perfluorooctanesulfonamide)butan-2-ylcarbamate (10, 570
mg, 0.833 mmol)® EtOAc (3.5 mL)IE R (CAMME MR HEfE — F L IR (3.5 mL)% 0 °CT
MAT, BRI C2REMBEHLLEE, BETTHEELZI® ELL, RMWERELZ &N
NaHCO; KWK IZ WM L, EtOAcT3EIMiH L7z, EtOAcB &b, fafiBE K T
Wi L, MAKMgSO, TH. M, @B L72%, WETFTTHEELZEELL, o E
WHEE2 7 7 v ad VBTN AT L7~ VT T77 40— (BREBB ; CHCI; :
MeOH =20 : 1) TH R L, (S)-N-(2-Amino-3-methylbutyl)-perfluorooctanesulfonamide
(11, 444 mg, 91%)E WA K & L TH -,
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11; Mp = 144-145 °C; [a]?® = + 6.9° (¢ = 1.01 in MeOH); 'H-NMR (500 MHz,
CD;0OD): 8 = 1.01 (d, J = 6.8 Hz, 3H), 1.03 (d, J = 6.8 Hz, 3H), 1.90-1.97 (m, 1H),
2.82-2.86 (m, 1H), 3.15 (dd, J = 8.5, 13.1 Hz, 1H), 3.41 (dd, J = 4.0, 13.1 Hz, 1H);
3C-NMR (125 MHz, CD;0D): & = 18.9, 19.0, 30.1, 47.5, 60.7, 109.7-121.5 (complex
signals of —-CF, and —CF3); Anal. Calcd for C;3H;3F;7N,0,S: C, 26.72; H, 2.24; N, 4.79.
Found: C, 26.75; H, 2.41; N, 4.86.

ANF T I R EEMBE 92 H WA=V AV KFEHET VT E FOARFK
3 & AN O o — % BY F ik

1,1-bis(phenylsulfonyl)ethylene (1, 30.8 mg, 0.10 mmol) & A # k& (9, 3.8 mg,
0.010 mmol)® m-xylene (1.0mL)¥ i (2 2-phenylpropanal (2a, 26.8 uL, 0.200 mmol)
& trifluoroacetic acid (0.7 pL, 0.010 mmol)Z = CIHRM L 7=, ={E C22REM L
eth, RIWBHRE7 7y vav IV ATG VAT Az~ NI T 74— (BREBEE
hexane : EtOAc = 3 : 1) TH ® L, (R)-2-Methyl-2-phenyl-4,4-bis(phenylsulfonyl)
butanal (4a, 42.0 mg, 95%)Z @A H K L L TH=., Gonl-~A 7K 4a-kix
LD AR P T — 4 EORBICE > THEEEZRE LR, 2029

ZANHK T I PR MZ2HVWEEo L RALEAR L EHIET VLT E RO ALRF
B ARSI BT D B R O — ik #) F Ik

1,1-bis(phenylsulfonyl)ethylene (1, 154.2 mg, 0.50 mmol) & 4 # fih & (11, 29.2 mg,
0.050 mmol)® 1,2-dichloroethane (5.0mL)¥% % |\Z 2-phenylpropanal (2a, 134 pL, 1.0
mmol) & trifluoroacetic acid (3.5 pL, 0.050 mmol) % =& TH M L 7=, =E & CT28F [# i
BLE®, KISBERE INVAT A AT VT A7~ NI 537 4 —I12KDE
WL, £, 80% A ¥/ — L AKEBERZBHRL, BMERME T 22 L T7LAF T R
REFlrw{baEY (crude 1,262 my)xz 7, Tk, A% —/LE@EIKRL, W
JERMET A2 TN AF T AEEZELALEY (crude 2,11.8mg)& HIIL L, K DK
JGIWZH W, crude 127 T v a2y U SN T L~ N T 7 40— (BEE
B ; hexane : EtOAc = 3 : 1) T K # L , (R)-2-Methyl-2-phenyl-4,4-bis
(phenylsulfonyl)butanal (4a, 183.3 mg, 83%)% @A K & L T 7=,

(R)-2-Methyl-2-phenyl-4,4-bis(phenylsulfonyl)butanal (4a) 2*® [a]s® = —25.6° (c =
1.00, CHCI3); 95% ee; enantiomeric excess was determined by HPLC with CHIRALPAK
AS-H column (hexane/2-propanol = 70:30), flow rate = 1.0 mL/min; A = 220 nm; t najor =
21.7 min, t ninor = 25.9 min.
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(R)-2-(4-Bromophenyl)-2-methyl-4,4-bis(phenylsulfonyl)butanal (4b) 2*9 [a]3® =
-15.2° (¢ = 1.00, CHCI3); 89% ee; enantiomeric excess was determined by HPLC
with CHIRALPAK AS-H column (hexane/2-propanol = 70:30), flow rate = 1.0 mL/min;
A =220 nm; t major = 27.1 min, t piner = 38.5 min.

(R)-2-(4-Fluorophenyl)-2-methyl-4,4-bis(phenylsulfonyl)butanal (4c) 2*® [a]s® =
+23.5° (c = 1.00, CHCI3); 91% ee; enantiomeric excess was determined by HPLC
with CHIRALPAK AS-H column (hexane/2-propanol = 70:30), flow rate = 1.0 mL/min;
A =220 nm; t major = 25.5 Min, t piner = 32.1 min.

(R)-2-Methyl-4,4-bis(phenylsulfonyl)-2-p-tolylbutanal (4d) 2*® [a]s’ = +25.4 ° (c =
1.00, CHCI3); 92% ee; enantiomeric excess was determined by HPLC with CHIRALPAK
AS-H column (hexane/2-propanol = 70:30), flow rate = 1.0 mL/min; A = 220 nm; tpajor =
21.3 min, t ninor = 29.7min.

(R)-2-(3-Methoxyphenyl)-2-methyl-4,4-bis(phenylsulfonyl)butanal (4e) ?*9 [a]L
+10.6° (¢ = 1.00, CHCI3); 92% ee; enantiomeric excess was determined by HPLC
with CHIRALPAK AD-H column (hexane/2-propanol = 80:20), flow rate = 1.0 mL/min;
A =220 nm; t major = 27.4 min, t piner = 38.6 min.

(R)-2-(2-Methoxyphenyl)-2-methyl-4,4-bis(phenylsulfonyl)butanal (4f) 2*) [a]l =
-70.8° (¢ = 1.00, CHCI3); 83% ee; enantiomeric excess was determined by HPLC
with CHIRALPAK AD-H column (hexane/2-propanol = 80:20), flow rate = 1.0 mL/min;
A =220 nm; t major = 18.8 min, t niner = 25.9 min.

(R)-2-(3-Bromophenyl)-2-methyl-4,4-bis(phenylsulfonyl)butanal (4g) 2*9 [a]l® =
-71.7° (c = 1.00, CHCI3); 91% ee; enantiomeric excess was determined by HPLC
with CHIRALPAK AS-H column (hexane/2-propanol = 80:20), flow rate = 1.0 mL/min;
A =220 nm; t major = 41.3 min, t niner = 47.1 min.

(R)-2-Methyl-2-(naphthalen-2-yl)-4,4-bis(phenylsulfonyl)butanal (4h) **¢ [a]}® =
+13.0° (c = 1.00, CHCI3); 92% ee; enantiomeric excess was determined by HPLC
with CHIRALPAK AS-H column (hexane/2-propanol = 70:30), flow rate = 1.0 mL/min;

A =220 nm; t major = 32.9 min, t miner = 39.1 min.
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(R)-2-Methyl-2-(naphthalen-1-yl)-4,4-bis(phenylsulfonyl)butanal (4i) 2*% [a] ¥ =
-31.8° (¢ = 1.00, CHCI3); 92% ee; enantiomeric excess was determined by HPLC
with CHIRALPAK AD-H column (hexane/2-propanol = 70:30), flow rate = 1.0 mL/min;
A =220 nm; t major = 16.7 min, t niner = 22.4 min.

(R)-2-Methoxy-2-phenyl-4,4-bis(phenylsulfonyl)butanal (4j) **® 68% ee; enantiomeric
excess was determined by HPLC with CHIRALPAK AD-H column (hexane/2-propanol
=5: 1), flow rate = 1.0 mL/min; & = 220 nm; t major = 37.1Min, t ninor = 44.5 min.
(R)-tert-Butyl 1-oxo-2-phenyl-4,4-bis(phenylsulfonyl)butan-2-ylcarbamate (4k) 24%
[a]?® = +10.0 ° (c = 1.00, CHCIj3); 64% ee; enantiomeric excess was determined
by HPLC with CHIRALCEL OD-H column (hexane/2-propanol = 90:10), flow rate =
0.5mL/min; A = 220 nm; t major = 19.9 min, t ninor = 22.2 min.

BoEICET D ER
B EE il g 22a @ A Rk

FsC

NH
NC CN
NC CN I
I R R N “SMe
MeS” “SMe THF, reflux, 23 h \©/\H
17 98% 19

CF;
& 17°® (4.0 g, 23.5 mmol)® THF (79.8 mL)¥A ¥ (= 3,5-bis(trifluoromethyl)
benzylamine (18) ( 5.9 g, 23.5 mmol)Z =i T M L, 23FFMIMBAE R L 7=, KIS

KTH, RIETCHEEZ2EELE, G0 -BEHARBELZHMKE (BE; CHCl)IC &
DKL, (kAW 19 (7.509,88%) % M|E, $HRFEME L CTH -,

HoN""
NC. _CN I/\> NC_ _CN
I BocN I
N/’/,
H

FsC 20 FaC
s N"SMe —— 5 ° N
H THF, reflux, 20 h H BocN
19 21

CF; CF3

it &% 19 (1.5 g, 7.5 mmol) ® THF (25.5 mL) & i (& (S)-2-(aminomethyl)
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pyrrolidine-1-carboxylate (20 *9)% = iE T/ 2 T20M RN AGE W L 7=, ) IS #& T #%,
BWIEFCHEEEZBEL, A RE2HBL, BonHAERDIE, BREF KD

Kz v,
I/’/ F I//,

F
\Q/\ BOC[O CH20|2 rt, 0.5 h Q
o)
CFs 34% (2 steps) 22a

CF,

55N 7~ HBocfk# &k 21 (3.7 g, 7.1 mmol)® % K CH,CIl, (71 mL)A#Kc, =iE T
TFAGB.7mL)Z W F L7ztk, OGSRFMEH L, KIGK T#%, BRI NaHCO/K I K %
WAL, EtOAc T3l i L 72, EtOAckE # & &, fd fl & K TYEH, K Na,SO,
THIME, BB L%, BMEFTTHEZHEELL, BOoNTCRMEEEL 7 7 v a
YU N T T A~ N T T 40— (EBBBE ; CHCl; : MeOH : H,O =9 :1:
0.05) TR L, A B 22a (968 mg, 34%) & My K & L T,

22a; Mp = 104-106 °C; [a]?* - 12.0 (c = 1.00, MeOH); *H NMR (400 MHz, CD;0D): &
= 1.39-1.48 (m, 1H), 1.62-1.79 (m, 2H), 1.86-1.94 (m, 1H), 2.52 (ddd, J = 7.1, 7.1,
14.2 Hz, 1H), 2.80 (ddd, J = 5.1, 7.1, 11.0 Hz, 1H), 3.22 (dd, J = 7.4, 14.2 Hz, 1H),
3.28-3.38 (m, 2H), 4.77 (s, 2H), 7.95 (s, 1H), 7.80 (s, 2H); **C NMR (100 MHz,
CD;0D): & = 27.3, 29.6, 32.7, 46.7, 47.8, 50.3, 59.8, 120.2, 122.5, 124.8 (q, YJc.r =
272 Hz), 129.3, 133.6 (q, 2Jc.F = 33.3 Hz), 142.5, 166.4; Anal. Calcd for C;gH;7FgN5: C,
51.80; H, 4.11; N, 16.78. Found: C, 51.63; H, 4.15; N, 16.61.

Bl gt 22b o & K

S=C:N/':,O 1.18, THF, rt, 20 h //,
BocN
2. TFA, CHCly, rt, 19 h
70% (2 steps)
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SCHREEZ1 o F¥EIC L W, (S)-2-(aminomethyl) pyrrolidine-1-carboxylate (20 39) 2 5
FHLIEAYF AT 2 — k 3759 (395.0 mg, 1.6 mmol)® THF (16.3 mL)¥& # I

3,5-bis(trifluoromethyl) benzylamine (18) (396.3 mg, 1.6 mmol)é‘)bﬂ Z T = T20MK
Mt L7, MK TH, BETTEHEEZ2EELEL, GO HAEKYICEK
CH,Cl, (5.2 mL)Z in %, TFA (1.3 mL)Z i T L7, =EIZ CTLORF## L 72,
IS # T %, faFiNaHCO3/KIE WK % Us i L, EtOAc T3[R L 7=, EtOAckE * & b
B, A AEEAK THRE, BEAKNaSO, T, BB L%, METTHEELHE EL
. BoN-RBEREL2 7 7 vy vav VBNV T A~ T 77 40— (B
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R ; CHCl; : MeOH : H,0=9:1:0.05)CH® L, HHAB 22b (438.6 mg, 70%)
EEARKRY &L CTHE 7, 22b; [aly’ - 82.4 (¢ = 1.00, CH,Cl,) '"H NMR (400 MHz,
CD;OD): & = 1.78-1.83 (m, 1H), 1.96-2.17 (m, 3H), 3.24-3.35 (m, 2H), 3.89 (s, 3H),
4.88 (s, 2H), 7.84 (s, 1H), 7.93 (s, 2H); *C NMR (100 MHz, CD;0D): & = 24.7, 28.5,
46.0, 46.5,47.9, 62.2, 121.8, 124.9 (q, "Jc.r = 270 Hz), 129.2, 133.0 (q, %Jc.r = 32.9
Hz), 143.9, 186.4; HRMS (ESI-TOF): calcd for C;sH;sN3FgS (M+H)*: 386.1126,
Found:386.1119.

el Y -DMMAI G AhiE 22a2 W= Fra T A HILAR=LIEEYMD

A I AN R D — iR # F

p-= kv A2F L > (23a, 29.8 mg, 0.2 mmol) & 7 & fik £ (22a, 8.3 mg, 0.02 mmol)
DYy ua~FH% 2 (24,105.0 pb, 1.0 mmol)¥&E & \Z EEBE (1.1 pL, 0.02 mmol) & =
BTz, 24 LE LI, KISWRE 7 7 vy a2ay VA5V DT 57~ T
77 4 — (BHELE ; hexane : EtOAc=5:1)THEH®R L, ~A 7 LIk (25a, 42.5
mg, 86%)&F M KL LB, Boni~A 7 K 25a-kik STk iR o A
R PAVF—FZLORBICL > THEEZRELE, 0™

(S)-2-((R)-2-Nitro-1-phenylethyl)cyclohexan-1-one (25a) *°% 86% vyield; syn/anti
88/12; 96% ee; enantiomeric excess was determined by HPLC with CHIRALPAK AS-H
column (hexane/2-propanol = 85/15), flow rate = 1.0 mL/min; A = 230 nm; t najor = 20.3
min, t minor = 13.2 min.

(S)-2-((R)-2-Nitro-1-(p-tolyl)ethyl)cyclohexan-1-one (25b) *°% 89% vyield; syn/anti

90/10; 96% ee; enantiomeric excess was determined by HPLC with CHIRALPAK AS-H
column (hexane/2-propanol = 80/20), flow rate = 1.0 mL/min; L = 206 nm; t najor = 15.8

min, t minor = 8.9 min.

(S)-2-((R)-1-(4-Methoxyphenyl)-2-nitroethyl)cyclohexan-1-one (25c) *°% 73% vyield;
syn/anti = 88/12; 91% ee;

enantiomeric excess was determined by HPLC with CHIRALPAK AD-H column
(hexane/2-propanol = 80/20), flow rate = 0.5 mL/min; & = 210 nm; t najor = 21.7 min, t

minor = 18.0 min.
(S)-2-((R)-1-(4-Chlorophenyl)-2-nitroethyl)cyclohexan-1-one (25d) %°% 53% vyield;

syn/anti = 88/12; 99% ee; enantiomeric excess was determined by HPLC with

CHIRALPAK AS-H column (hexane/2-propanol = 80/20), flow rate = 1.0 mL/min; A =
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206 nm; t pajor = 21.2 Min, t pinor = 12.1 min.

(S)-2-((R)-1-(4-Bromophenyl)-2-nitroethyl)cyclohexan-1-one (25e) *°% 74% vyield;
syn/anti = 91/9; 92% ee; enantiomeric excess was determined by HPLC with
CHIRALPAK AS-H column (hexane/2-propanol = 80/20), flow rate = 0.8 mL/min; A =

206 nm; t major = 27.1 Min, t pinor = 15.2 min.

(S)-2-((R)-1-(Naphthalen-1-yl)-2-nitroethyl)cyclohexan-1-one (25f) **% 86% vyield;
syn/anti = 93/7; 91% ee; enantiomeric excess was determined by HPLC with
CHIRALPAK AS-H column (hexane/2-propanol = 70/30), flow rate = 1.0 mL/min; A =
254 nm; t pajor = 16.9 min, t pinor = 11.5 min.

(S)-2-((R)-1-(Benzo[d][1,3]dioxol-5-yl)-2-nitroethyl)cyclohexan-1-one (25g) **™ 84%
yield; syn/anti = 94/6; 90% ee; enantiomeric excess was determined by HPLC with
CHIRALPAK AS-H column (hexane/2-propanol = 75/25), flow rate = 1.0 mL/min; A =

210 nm; t pajor = 51.9 Min, t pinoer = 38.7 min,

(S)-2-((S)-2-Nitro-1-(thiophen-2-yl)ethyl)cyclohexan-1-one (25h) 3°9 86% vyield;
syn/anti = 89/11; 93% ee; enantiomeric excess was determined by HPLC with
CHIRALPAK AS-H column (hexane/2-propanol = 90/10), flow rate = 1.0 mL/min; A =
230 Nnm; t pajor = 36.9 Min, t piner = 26.6 min.
(S)-2-((S)-1-(Furan-2-yl)-2-nitroethyl)cyclohexan-1-one (25i) **™ 87% yield; syn/anti
= 89/11; 89% ee; enantiomeric excess was determined by HPLC with CHIRALPAK
AS-H column (hexane/2-propanol = 85/15), flow rate = 0.8 mL/min; A = 230 nm; t major
=22.8 min, t ninor = 19.5 min.

(R)-5-Nitro-4-phenylpentan-2-one (25j) **® 73% vyield; 33% ee; enantiomeric excess
was determined by HPLC with CHIRALPAK AS-H column (hexane/2-propanol = 70/30),

flow rate = 1.0 mL/min; A = 254 nm; t pnajor = 16.5 min, t niner = 12.2 min.
(R)-2,2-Dimethyl-4-nitro-3-phenylbutanal (25k) *°Y 6% yield; 62% ee; enantiomeric

excess was determined by HPLC with CHIRALCEL OD-H column (hexane/2-propanol
= 92/8), flow rate = 1.0 mL/min; A = 230 nm; t najor = 20.6 Min, t ninor = 33.1 min.
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B E IS D ER

el Y -DMMB G REAEE 22a2 W B FEET LT E RE I ILR=LILEWD

D A F I B A ROE O — g B F ik

p-= hBe X2 X7 )5 kb K (26a,30.2mg, 0.2 mmol) & 4 £ fik £ (22a, 8.3 mg, 0.02
mmol)?d ¥ 7 m~% 4% /J o (24, 209.0 pL, 2.0 mmol)iF# 122,4-¥ = b 0 % B F W
(4.2 mg, 0.02mmol)Z0°CTH x, 48FFMEFH L7z, MWK AZ 7 T v =2 U D
TGN T A a~ NI T 7 00— (BBEBB ; hexane : EtOAc =2 : 1) TH®E L, 7
VR — vk (27a, 44.9 mg, 90%)Z A K E L THE, o7 v F— b
ik 27a-0lF XD AR hAF =X Loz Lo THELRELL,

42)

(2S,1’R)-2-[Hydroxy(4-nitrophenyl)methyl]cyclohexan-1-one (27a) *°® 90%; anti/syn=
92:8; 92% ee; enantiomeric excess was determined by HPLC with CHIRALCEL OD-H
column (hexane/2-propanol = 80:20), flow rate = 0.5 mL/min; L = 254 nm; t najor = 16.3

min, t ninor = 20.4 min.

(2S,1’R)-2-[Hydroxy(2-nitrophenyl)methyl]cyclohexan-1-one (27b) *°® 71%; anti/syn=
87:13; 96% ee; enantiomeric excess was determined by HPLC with CHIRALCEL OD-H
column (hexane/2-propanol = 80:20), flow rate = 0.5 mL/min; A = 254 nm; t najor =
12.8 min, t qinor = 14.4 min.

(2S,1°R)-2-[Hydroxy(3-nitrophenyl)methyl]cyclohexan-1-one (27¢c) *°® 95%; anti/syn=
93:7; 95% ee; enantiomeric excess was determined by HPLC with CHIRALCEL OD-H
column (hexane/2-propanol = 80:20), flow rate = 0.5 mL/min; A = 254 nm; t pnajor = 14.4

min, t ninor = 18.2 min.

(2S,1’R)-2-[Hydroxy(2-chlorophenyl)methyl]cyclohexan-1-one (27d)*°% 85%:;
anti/syn= 93:7; 94% ee; enantiomeric excess was determined by HPLC with
CHIRALCEL OD-H column (hexane/2-propanol = 95:5), flow rate = 1.0 mL/min; A =

220 nm; t major = 8.2 Min, t ninor = 10.2 min.
(2S,1°R)-2-[Hydroxy(3-chlorophenyl)methyl]cyclohexan-1-one (27e)%%) 94%:;

anti/syn= 96:4; 89% ee; enantiomeric excess was determined by HPLC with

CHIRALPAK AD-H column (hexane/2-propanol = 90:10), flow rate = 0.5 mL/min; A =
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220 nm; t major = 24.2 Min, t pinor = 26.7 min.
(2S,1°R)-2-[Hydroxy(4-chlorophenyl)methyl]cyclohexan-1-one  (27f) '°®  750%;
anti/syn= 94:6; 98% ee; enantiomeric excess was determined by HPLC with
CHIRALCEL OD-H column (hexane/2-propanol = 95:5), flow rate = 1.0 mL/min; A =
220 nm; t pajor = 10.8min, t niner = 15.3 min.

(2S,1°R)-2-[Hydroxy(4-bromophenyl)methyl]cyclohexan-1-one  (27g) '°®  83%;
anti/syn= 95:5; 93% ee; enantiomeric excess was determined by HPLC with
CHIRALCEL OD-H column (hexane/2-propanol = 95:5), flow rate = 1.0 mL/min; A =
220 nm; t major = 11.9 min, t pinor = 16.0 min.

4-[Hydroxy(2-oxocyclohexyl)methyl]benzonitrile (27h) °* 91%; anti/syn= 95:5; 93%
ee; enantiomeric excess was determined by HPLC with CHIRALCEL OD-H column
(hexane/2-propanol = 70:30), flow rate = 0.5 mL/min; A = 234 nm; t pajor = 11.1 min, t
minor = 13.2 min.
(2S,1°R)-2-[Hydroxy(4-trifluoromethylphenyl)methyl]cyclohexan-1-one  (27i) !°%
89%; anti/syn= 94:6; 96% ee; enantiomeric excess was determined by HPLC with
CHIRALCEL OD-H column (hexane/2-propanol = 80:20), flow rate = 0.5 mL/min; A =
216 nm; t major = 10.7 min, t pinor = 12.3 min.

(2S,1°R)-2-[Hydroxy(3-methoxyphenyl)methyl]Jcyclohexan-1-one (27j) '°® 68%;
anti/syn= 93:7; 92% ee; enantiomeric excess was determined by HPLC with
CHIRALPAK AS-H column (hexane/2-propanol = 90:10), flow rate = 1.0 mL/min; A =
220 nm; t major = 18.7 min, t piner = 23.6 min.

(2S,1°R)-2-(Hydroxyphenylmethyl)cyclohexan-1-one (27k) *°® 43%; anti/syn= 94:6;
92% ee; enantiomeric excess was determined by HPLC with CHIRALCEL OD-H
column (hexane/2-propanol = 95:5), flow rate = 1.0 mL/min; A = 220 nm; t a0 = 10.7

min, t minor = 15.4 min.

(28,1°R)-2-[Hydroxy(2,6-dichlorophenyl)methyl]cyclohexan-1-one (271) '°® 100%;
anti/syn= >99:1; 99% ee; enantiomeric excess was determined by HPLC with
CHIRALCEL OJ-H column (hexane/2-propanol = 95:5), flow rate = 1.0 mL/min; A =

210 nm; t major = 10.8 mMin, t miner = 9.4 min.

60



(2S,1°R)-2-[Hydroxy(2,3,4,5,6-pentafluorophenyl)methyl]cyclohexan-1-one (27m) °%
87%; anti/syn= >99:1; 99% ee; enantiomeric excess was determined by HPLC with
CHIRALPAK AD-H column (hexane/2-propanol = 88:12), flow rate = 0.5 mL/min; A =
210 nm; t pajor = 13.6 Min, t pinor = 16.8 min.

(2S,1°R)-2-[Hydroxy(4-nitrophenyl)methyl]cyclopentan-1-one  (27n) '°®  78%;
anti/syn= 26:76; 79% ee; enantiomeric excess was determined by HPLC with
CHIRALPAK AD-H column (hexane/2-propanol = 95:5), flow rate = 1.0 mL/min; A =
265 nm; t pajor = 51.3 Min, t pinor = 48.4 min.

(4R)-4-Hydroxy-p-nitrophenylbutan-2-one (270) 1°® 40%; 75% ee; enantiomeric excess

was determined by HPLC with CHIRALCEL OJ-H column (hexane/2-propanol = 90:10),

flow rate = 1.0 mL/min; A = 265 nm; t pnajor = 31.5 min, t ninoer = 36.4 min.
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BHEIWCHET 2 ER
DMIM FH & fil it 33D & ik

FsC NH
3 NH, 0 2
O o ’NH,
0 0 CF; 18 s

FiC
— " N~ “SMe
MeS SMe THF, reflux, 16 h H THF rt, 23 h
939 575
34 %o 35 %

CFs3 CF3

It &% 34 % (1.6 g, 6.5 mmol)®» THF (22 mL) ¥ # |2 3,5-bis(trifluoromethyl)
benzylamine (18, 1.6 g, 6.5mmo|)%§iﬁ“€%73ﬂ L, 16MFRIMBAER Lz, RIGET
%, WMETCTCHEEZEELE, BN RMEEZEZ &M (BE; CHCIl;-hexane)
L, flk&W® 35 (2.749, 93%)%#'3@, SRS E L THR,

35; mp 183-184 °C; '"H NMR (400 MHz, CDCl;): & = 11.12 (brs, 1H), 7.86 (s, 1H), 7.77
(s, 2H), 7.74-7.72 (m, 2H), 7.62-7.60 (m, 2H), 5.01 (d, J = 6.3 Hz, 2H), 2.72 (s, 3H);
*C NMR (100 MHz, CDCl3): 8 = 171.6, 139.3, 133.3, 132.5 (q, 2Jc.r = 33.7 Hz), 127.5,
123.0 (q, YJc.p = 273 Hz), 122.1 (q, %Jc.r = 3.7 Hz), 121.6, 104.8, 47.9, 19.1; HRMS
(ESI-TOF): calcd for C,oH14FgNO,S (M+H)": 446.0644, found: 446.0647.

ft&% 35 (2.0 g, 4.5 mmol)® THF (15 mL)¥ # {2 (1R,2R)-cyclohexane-1,2-diamine
(36, 512.7 mg, 4.5 mmol) &% EiR T 2, 23 M HEHL L, BHETCHREL®E E L,
S ONTERMEEEL2 7 7 v v av VAV T A~ NI T T 40— (BHRE
B ; CHCl; : MeOH =50 : 1) CH® L 72%, Hiid (BI,; CHCl;-hexane) L, A %
fih 8 33 (1.4 9, 67%)Z B amH K &L L THE,
33; mp 179-180°C; [a]®*°p = -10.9 °(c 1.0, CH,CIl,); *H NMR (400 MHz, CDCl3): &
=9.61 (brs, 1H), 9.02 (d, J = 9.8 Hz, 1H), 7.87 (s, 3H), 7.61-7.57 (m, 2H), 7.53-7.49 (m,
2H), 5.13 (dd, J = 6.0, 16.3 Hz, 1H) 4.88 (dd, J = 6.5, 16.3 Hz, 1H), 3.15-3.06 (m, 1H),

2.82-2.76 (m, 1H), 1.89-0.87 (m, 10H); **C NMR (100 MHz, CDCl;): 6 = 192.4, 161.5,
140.3, 138.6, 132.4 (q, %Jc.r = 33.7 Hz), 132.3, 127.1, 123.1 (q, "Jc.f = 273 Hz), 121.9,
120.5, 93.7, 61.3, 55.7, 47.7, 34.1, 33.2, 24.8, 24.2; Anal. Calcd for C,5H,3FgN3;O,:
C,58.71; H, 4.53; N,8.22. Found: C, 58.62; H, 4.52; N, 8.22

DMI A B fil i 332 Wi~ L A I REDAVAR= VLAY O AR F I E A KIS
D — By FIE

N-phenylmaleimide (28a)® p-xylene (0.4 mL)¥& ik (Z DM A ¥ fil #i£ 33 (20.5 mg,
0.02 mmol), ZE &FE (2.5 mg, 0.02 mmol), acetone (29, 73.4 pL, 1.0 mmol )% =
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BT, RIGEWIKZA0°CTA8IRFRI W LT, RISWIKRZ 7 7 v v av VAT
N T A7 a~ NI T 7 40— (BB ; hexne: EtOAc=3:2-1:1)THH®L,
e AN {£30a (37.3 mg, 81%)4x Htak K& LT/, HFonki®Mfmik 30a-u
XX DO AR PV TF —Z DlICE > THEEZRE L -,

(S)-3-(2-Oxopropyl)-1-phenylpyrrolidine-2,5-dione (30a) *’® [a]?’p = +10.0° (c 1.0,
CH,CIl,); Enantiomeric excess of the product was determined by chiral stationary phase
HPLC analysis using a CHIRALCEL OD-H column (hexane/i-PrOH = 80:20 at 0.5
mL/min); A = 220 nm; t najor = 57.8 Min, t pinor = 72.3 min.

(S)-1-Benzyl-3-(2-oxopropyl)pyrrolidine-2,5-dione (30b) *'® [a]®’’p, = -2.0° (¢ 1.0,
CH,CI,); Enantiomeric excess of the product was determined by chiral stationary phase
HPLC analysis using a CHIRALCEL OD-H column (hexane/i-PrOH = 80:20 at 1.0
mL/min); A = 220 nm; t najor = 18.6 min, t qinor = 28.5 min.

(S)-1-(4-Bromophenyl)-3-(2-oxopropyl)pyrrolidine-2,5-dione (30c) *’® [a]?'p = +5.5°
(c 1.0, CH,Cl,); Enantiomeric excess of the product was determined by chiral
stationary phase HPLC analysis using a CHIRALCEL OD-H column (hexane/i-PrOH =
80:20 at 1.0 mL/min); A = 220 nm; t major = 26.2 Min, t pinor = 45.3 min.

(S)-1-(3-Chlorophenyl)-3-(2-oxopropyl)pyrrolidine-2,5-dione (30d) *’® [a]?'p = +9.2°
(c 1.0, CH,CIl,); Enantiomeric excess of the product was determined by chiral
stationary phase HPLC analysis using a CHIRALPAK AD-H column (hexane/i-PrOH =
80:20 at 1.0 mL/min); A = 220 nm; t major = 18.8 min, t pniner = 17.4 min.

(S)-3-(2-Oxopropyl)-1-(3-(trifluoromethyl)phenyl)pyrrolidine-2,5-dione  (30e) *7®
[@]®°p = +7.3° (c 1.0, CH,CI,); Enantiomeric excess of the product was determined by
chiral stationary phase HPLC analysis wusing a CHIRALCEL OD-H column
(hexane/i-PrOH = 80:20 at 1.0 mL/min); A = 220 nm; t major = 15.4 min, t qinor = 20.7

min.

(S)-3-(2-Oxopropyl)-1-p-tolylpyrrolidine-2,5-dione (30f) *%47® [¢]%°, = +11.7° (¢ 1.0,
CH,CIl,) Enantiomeric excess of the product was determined by chiral stationary phase
HPLC analysis using a CHIRALCEL OD-H column (hexane/i-PrOH = 80:20 at 1.0
mL/min); X = 220 nm; t major = 23.1 Min, t niner = 31.8 min.
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(S)-3-(2-Oxopropyl)-1-m-tolylpyrrolidine-2,5-dione (30g) *’® [a]?'p = +13.1° (¢ 1.75,
CH,CIl,). Enantiomeric excess of the product was determined by chiral stationary phase
HPLC analysis using a CHIRALPAK AD-H column (hexane/i-PrOH = 80:20 at 1.0
mL/min); A = 220 nm; t najor = 20.5 min, t pinor = 16.8 min.

(S)-1-(4-Methoxyphenyl)-3-(2-oxopropyl)pyrrolidine-2,5-dione (30h) *"® [a]?*®p =
+11.9 ° (¢ 1.0, CH,CI,); Enantiomeric excess of the product was determined by chiral
stationary phase HPLC analysis using a CHIRALCEL OD-H column (hexane/i-PrOH =
80:20 at 1.0 mL/min); A = 220 nm; t major = 38.0 min, t piner = 68.4 min.

3-(2-Oxocyclohexyl)-1-phenylpyrrolidine-2,5-dione (30i) *’® 4’9 An inseparable
mixture was obtained and data of the anti diastereomer was provided. syn/anti = 51/49,
(>99% ee for anti diastereomer); Enantiomeric excess of the product was determined
by chiral stationary phase HPLC analysis using a CHIRALCEL OD-H column
(hexane/i-PrOH = 70:30 at 0.5 mL/min); A = 220 nm; t najor (antiy = 28.3 Min, t ninor (antiy

=n.d. t major (syn) — 34.4 min, t qinor (syn) = n.d.

3-(8-0Ox0-1,4-dioxaspiro[4.5]decan-7-yl)-1-phenylpyrrolidine-2,5-dione (30j) *’® 30j
was obtained as an inseparable mixture. The ratio of diastereomers is determined 55:45
by the integral of their signals. Enantiomeric excess was determined by HPLC with
CHIRALCEL OJ-H column (hexane/2-propanol = 60:40), flow rate = 0.5 mL/min; A =
254 nm; major diastereomer: t pajor = 76.5 Min, t ningr = 144.0 min. minor diastereomer:
t major = 86.6 min, t pinor = 119.4 min. (96% ee for major diastereomer, 99% ee for

minor diastereomer).

(R)-3-[(S)-2-Oxocyclopentyl]-1-phenylpyrrolidine-2,5-dione  (30k) %9 [a]®’p, =
+97.9 ° (¢ 0.5, CH,Cl,). 87% ee for major diastereomer (anti-isomer); [a]?*°p = -22.9 °
(c 0.5, CH,CIl;). 62% ee for minor diastereomer (syn-isomer); The ratio of
diastereomers was determined 73:27 (anti:syn) by the integral of their signals.
Enantiomeric excess was determined by HPLC with CHIRALPAK 1IB column
(hexane/2-propanol = 80:20), flow rate = 0.5 mL/min; A = 210 nm; major diastereomer
(anti-isomer): t major = 51.2 Min, t ninor = 48.7 min. minor diastereomer (syn-isomer): t

major = 66.7 Min, t ninor = 58.8 min.
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3-(3-Oxopentan-2-yl)-1-(m-tolyl)pyrrolidine-2,5-dione (301) *’® [a]?°, = -27.0 ° (¢ 1.0,
CH,Cl,). 96% ee for major diastereomer; [a]?*°p = +32.5 ° (¢ 1.0, CH,Cl,). 88% ee for
minor diastereomer; The ratio of diastereomers was determined 51:49 by the integral
of their signals. Enantiomeric excess was determined by HPLC with CHIRALPAK
AS-H column (hexane/2-propanol = 70:30), flow rate = 0.6 mL/min; A = 240 nm; major
diastereomer: t paor = 21.5 min, t ninor = 24.3 min. minor diastereomer: t pajor = 19.3

min, t minor = 18.3 min.

3-(4-Oxoheptan-3-yl)-1-phenylpyrrolidine-2,5-dione (30m) *’® 30m was obtained as
an inseparable mixture. The ratio of diastereomers is determined 53:47 by the integral
of their signals. Enantiomeric excess was determined by HPLC with CHIRALPAK
AD-H column (hexane/2-propanol = 75:25), flow rate = 0.5 mL/min; A = 240 nm; major
diastereomer: t pajor = 25.7 Min, t ninor = 22.3 mMin. minor diastereomer: t yaj0r = 25.7

min, t minor = 22.3 min

3-(2,4-Dioxopentan-3-yl)-1-phenylpyrrolidine-2,5-dione (30n) **® [a]?°p = -46.8 °
(c 1.0, CHCI3). 47% ee; Enantiomeric excess was determined by HPLC with
CHIRALCEL OD-H column (hexane/2-propanol = 85:15), flow rate = 1.0 mL/min; A =
210 nm; t major = 66.2 Min, t pinor = 52.7 min.

3-(1-Methoxy-2-oxopropyl)-1-phenylpyrrolidine-2,5-dione (300) *’9 [a]*°p = -0.1 °
(c 1.0, CH,Cl,). 29% ee for anti-isomer; [a]?°p = +59.1 ° (c 1.0, CH,Cl,). 73% ee for
syn-isomer; The ratio of diastereomers was determined syn:anti = 43:57 by the integral
of their signals. Enantiomeric excess was determined by HPLC with CHIRALPAK IC
column (hexane/2-propanol = 85:15), flow rate = 1.0 mL/min; X = 220 nm; major
diastereomer (anti-isomer): t najor = 46.7 Min, t ninor = 29.0 min. minor diastereomer

(syn-isomer): t pajor = 53.0 min, t pinor = 40.9 min.

(R)-2-(2,5-Dioxo-1-phenylpyrrolidin-3-yl)-2-methylpropanal (30p) *’ [a]?'p = +1.8 °
(c 1.0, CH,Cl,). 94% ee; Enantiomeric excess was determined by HPLC with
CHIRALCEL OD-H column (hexane/2-propanol = 75:25), flow rate = 0.9 mL/min; X =
220 nm; t major = 22.2 MiN, t qinor = 17.9 min.

(R)-2-(2,5-Dioxo-1-phenylpyrrolidin-3-yl)-2-ethylbutanal (30q) **® [a]'®p = +2.9 °
(c 1.0, CHCI3); 76% ee; Enantiomeric excess was determined by HPLC with
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CHIRALCEL OD-H column (hexane/2-propanol = 80:20), flow rate = 1.0 mL/min; A =
240 nm; t major = 31.7min, t ninor = 18.5 min.
(R)-1-(2,5-Dioxo-1-phenylpyrrolidin-3-yl)cyclopentane-1-carbaldehyde  (30r) 5%
[a]*®p = -12.7 ° (¢ 1.0, CHCI3). 87% ee; Enantiomeric excess was determined by HPLC
with CHIRALCEL OD-H column (hexane/2-propanol = 75:25), flow rate = 0.5 mL/min;
A =210 nm; t major = 50.6 Min, t minor = 35.9 min.
(R)-1-(2,5-Dioxo-1-phenylpyrrolidin-3-yl)cyclohexane-1-carbaldehyde  (30s) *°%©
[2]?°p = +1.8 ° (¢ 1.0, CHCI3). 93% ee; Enantiomeric excess was determined by HPLC
with CHIRALCEL OD-H column (hexane/2-propanol = 75:25), flow rate = 0.5 mL/min;
A =210 nm; t najor = 46.6 min, t piner = 36.4 min.

(R)-2-[(R)-2,5-Dioxo-1-phenylpyrrolidin-3-yl]propanal (30t) ***) 30t was obtained as
an inseparable diastereo mixture. The ratio of diastereomers is determined 57:43 by
the integral of their signals. Enantiomeric excess was determined by HPLC with
CHIRALPAK AD-H column (hexane/2-propanol = 80:20), flow rate = 0.5 mL/min; A =
210 nm; major diastereomer: t paor = 46.7 Min, t niner = 40.9 min. minor diastereomer:
t major = 61.8 min, t ninor = 36.2 min. (95% ee for major diastereomer, 92% ee for minor

diastereomer).

Dimethyl 2-(2,5-Dioxo-1-phenylpyrrolidin-3-yl)propanedioate (30u) *°® [a]'®p =
+0.1 ° (¢ 0.3,CHCI3). 3% ee; Enantiomeric excess was determined by HPLC with
CHIRALPAK AD-H column (hexane/2-propanol = 92:8), flow rate = 1.0 mL/min; A =
230 Nm; t major = 102.1 min, t piner = 53.9 min.
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